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ABSTRACT 
The present piece of work on the structure and behaviour of 
vascular cambium and its derivative t issues- the food 
conducting (secondary phloem) and the water conducting 
(secondary xylem) pathways has been undertaken in relat ion 
to different weather conditions of the study site and age of 
the selected trees {Alstonia scholaris, Emblica officinalis 
and Putranjiva roxburghii) for three consecut ive years 
(1998, 1999 and 2000). The findings are summarized as 
follows: 
The cambial cylinder consists of fusiform init ials and 
ray ini t ials , the latter usually present in groups of diverse 
widths and heights . The cambium is non stratified type in 
all the investigated species. The length/width of fusiform 
initials varies from 530-1290/20-52|im in A.scholaris, 225-
1200/14-46 ^m in E.officinalis and from 855-1325/16-
50 fim in P.roxburghii. 
The cambial make-up exhibits variat ions in dimension 
under different weather conditions as well as in different 
age groups in the investigated species. In A.scholaris, the 
fusiform initials are shorter in younger shoots than in older 
ones. In E.officinalis, the length of fusiform init ials 
decrease with increasing girth of the stem axis and then 
gets stabilized at the base. In P.roxhurghii, the length of 
fusiform initials increases with increase in diameter of the 
stem axis and after reaching a maximum it decl ines. 
Changes in the size of ray init ials of the investigated 
species do not follow any part icular trend with increasing 
age of the tree. Relative abundance of the cambial rays of 
diverse width and height varies with age of the meristem, 
the percentage of broad rays being comparatively more in 
older parts of the stem in E.officinalis and in younger parts 
of the stem in A.scholaris and P.roxburghii. 
The wood is diffuse porous in all the three species 
investigated. The pores are either solitary or in radial 
multiples of 2 to 4 and went upto 23 in P.roxburghii. 
The average vessel length shows an increase from top 
to the base downwards in A.scholaris {A A A.15-192.15 |a.m), 
E.officinalis (668.75-768.00 \x.m) as well as in P.roxburghii 
(576.75-795.00 ^m). The radial diameter reveals a gradual 
increase with increasing girth until a maximum is reached 
and then constancy follows in A.scholaris and shows an 
increasing trend upto the base in E.officinalis while it 
increases from top towards base and after at taining a 
maximum again declines in P.roxburghii. The tangential 
dimensions show no specific trend in A.scholaris. In 
E.officinalis in the beginning no specific trend in variat ion 
has been found in tangential diameter of the vessels , but a 
significant jump was noticeable at the base of the trunk. 
While in P.roxburghii, tangential dimension shows an 
increasing trend and attains constancy near the base. The 
length of vessels has been found to vary from 300-1270^.m 
in A.scholaris, 330-1 lOOfim in E.officinalis and from 485-
1200|im in P.roxburghii as a result of seasonal influence. 
In case of xylem fibres, observations indicate a 
posit ive increase in length with growing size of the trunk 
and their mean varies from 1 158.75-1518.25|im in 
A.scholaris, shows an increasing trend until a maximum is 
reached and then declines at the base with an average length 
ranging from 1051.75-1461.19 |im in E.officinalis and does 
not depict any specific trend in P.roxburghii with an 
average length ranging from 1071.75-1322.25 \im. 
The sieve-tube members possess slightly oblique to 
t ransverse and simple sieve plates on their end walls in 
A.scholaris, but oblique and compound sieve plates have 
been observed in E. officinalis and P.roxburghii. The 
average length of sieve-tube members varies from 341.25-
455.50|.xm in A.scholaris, 472.50-575.25fa.m in E.officinalis. 
and from 63 1.50-709.50fim in P.roxburghii during different 
seasons. Their average radial / tangential diameters are found 
varying from 17.37-28.24/13.43-21.73)j,m in A.scholaris, 
18.29-29.30/23.60-28.90| im in E.officinalis and from 17.50-
25.78/22.57-29.05nm in P.roxburghii. They occupy about 
38%, 39% and 39% transect ional area in A.scholaris, 
E.officinalis and P.roxburghii respect ively. 
The length of sieve-tube members increases with 
increasing girth in A.scholaris, first increases and after 
at taining maximum it declines and then again increase at 
the base in E.officinalis and increases with the increasing 
girth of the stem axis and after attaining a maximum value 
it declines at the base in P.roxburghii. 
The phloem fibres are distributed throughout the 
secondary phloem in E.officinalis and P.roxburghii without 
any specific mode of arrangement. They grow in length 
1.458 times in E.officinalis and 1.184 times in P.roxburghii 
over the length of their mother ini t ials . 
The phloem rays have been found to vary in 
height form 1-34 cells in A.scholaris, 1-86 cells in 
E.officinalis and 1-45 cells in P.roxburghii while their 
width varies from 1-4, 1-8 and 1-5 cells respect ively. 
The vascular cambium undergoes act ivat ion once 
in a year in all the three species investigated. The cells in 
the cambial zone undergo radial expansion in late June in 
A.scholaris, late April in E.officinalis and late May in 
P.roxburghii. The cells start dividing in early July in 
A.Scholaris, early May in E.officinalis and in early June in 
P.roxburghii. 
Dormancy is attained during November in A.scholaris, 
in October in E.officinalis and during November in 
P.roxburghii. Thus, the cambium remains active for about 5 
months in A.scholaris and 6 months in E.officinalis and 
P.roxburghii. 
In A.scholaris and P.roxburghii, xylem product ion 
precedes that of phloem while in E.officinalis, xylem and 
phloem formation is s imultaneous. The total amount of 
xylem produced is about 1727-1800|im in A.scholaris, 1071-
1080 \im. in E.officinalis and 845-900 |J.m in P.roxburghii 
during 1998, 1999 and 2000. 
The phloem formation occurs in August and September 
in A.scholaris, in July, September and October in 
P.roxburghii and only in May in E.officinalis. Precursor 
phloem is noticeable in E.officinalis in the month of 
February. In E.officinalis, the precursor phloem remains 
functional for about 3 months upto May when the current 
year's phloem is added which remains functional for about 9 
months. In A.scholaris and P.roxburghii, the longevity of 
phloem extended upto 1 1 and 9 months respect ively. The 
total amount of phloem produced during the years of 
investigation was about 380-415 \xm is A.scholaris, 607-
645 fim in E.officinalis and about 3 5 5-415 |im in 
P.roxburghii. 
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INTRODUCTION 
Vascular cryptogams and monocotyledons generally 
form their entire body by primary growth, whereas in 
gymnosperms and woody dicotyledons primary growth is 
followed by secondary growth that augments the vascular 
t issues through the activity of a localized meristem, the 
vascular cambium. Hence, most dicotyledonous and 
gymnospermous stems continue growing in girth even after 
they have ceased to elongate. The successive addition of 
secondary phloem and secondary xylem derived from the 
cambium provides new conduits for t ranslocation and 
addit ional elements for mechanical support in branching 
and enlarging bodies of shrubs and trees (Iqbal, 1989). 
Among vascular plants there is very great diversity in 
size, form, and structure; yet, underlying the variat ions in 
form and the complexities in structure in the plant body, 
there is a simple, uniform, structural plan. The body 
consists fundamentally of a cylindrical axis which bears 
lateral appendages. The more or less free branching of the 
axis and the variety and complexity of the appendages 
however, often conceal this simplicity of plan. 
The appendages arc of three ranks. Those into which 
pass strands of vascular tissue may be said to be of the first 
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rank, and are known as leaves. The appendages of the 
second rank only the outermost layers of the stem, the 
cortex and the epidermis, are usually present. These are 
known as emergences; the prickles of the rose are a familiar 
example. In the appendages of the third rank, project ions of 
the outermost layer of cells only are present; these form 
hairs . Emergences and hairs occur on both axis and leaves, 
usually without definite arrangement (Eames 1947). 
The vascular system is imbedded in non vascular 
t issue commonly referred to as ground t issue. This t issue 
may be composed of different kinds of cel ls , each 
frequently forming a more or less solid complex, as, for 
example, collenchyma or sclerenchyma in the outer cortex, 
parenchyma in the inner cortex, photosynthetic parenchyma 
in the leaf, and parenchyma, sclerenchyma, or both in the 
pi th. The vascular t issues are commonly surrounded by 
parenchyma and are associated with sclerenchyma. A 
considerable proportion of sclerenchyma arises from the 
same meristem as the vascular tissue do and is therefore 
treated as part of the vascular system. 
The vascular cambium, defined as a lateral meristem 
composed of fusiform and ray initials producing vascular 
t i ssue, evolved several times in the early history of vascular 
p lants . Anatomical evidence for the presence of a vascular 
cambium occurs in representat ives of all the major upper 
Paleozoic plant • l ineages, including the progymnosperms, 
lycophytes , 'Preferns' . ferns, sphenophytes and 
gymnosperms. The existence of a vascular cambium is based 
on the presence of a t issue with a specific set of anatomical 
characters might lead one to conclude that the meristem in 
all the various lineages exhibited identical pat terns of 
act ivi ty. This is apparently not the case, and there is 
substantial evidence of significant developmental 
variabi l i ty in the vascular cambia of different plant groups. 
Fossi l lycophytes, preferns, ferns and possibly some 
sphenophytes were characterized by unifacial , determinate 
cambia; several sphenophytes may also have possessed a 
determinate cambium that was bifacial. In contrast , the 
bifacial , indeterminate pattern found in extant gymnosperms 
and dicots was apparently present not only in the 
progymnosperms and primit ive seed plants . As to the more 
detailed aspects of cambial development, circumferential 
enlargement of the meristem in lycophytes and 
sphenophytes appears to have been accommodated 
principal ly through the process of fusiform-initial 
enlargement rather than by mult ipl icat ive division of 
fusiform init ials . Some sphenophytes were also 
character ized by a developmental pattern in which 
mult ipl icat ive division of ray initials and conversion of ray 
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ini t ials to fusiform initials were important in the 
circumferential expansion of the cambium. Finally, in the 
carboniferous seed fern Medullosa, there is evidence of 
posi t ional variabil i ty in ini t iat ion of the cambium. The 
ini t ials appear to have formed around groups of adjacent 
sympodia in the eustele of the stem. With the subsequent 
product ion of secondary vascular t issues by this meristem, 
the dist inct vascular segments characteris t ic of this stem 
type were delineated. The occurrence of significant 
development variabi l i ty in the vascular cambium of early 
plants suggest that the meristem evolved independently in 
the different groups, an idea further supported by the fact 
that there is no semblance of secondary growth in any 
t r imerophyte or zosterophyllophyte, the fossil groups 
regarded as ancestral to the above lineages (Banks, 1968). 
A number of conflicting views are held on the nature 
of cambium. The cambial zone normally consists of an 
unbroken cylinder of meristematic cells, the fusiform and 
ray ini t ia ls , arranged in radial files. These files extend into 
the mature secondary tissues where they may become 
obscured by changes that occur with differentiation. 
Dividing cells close to the mature phloem form the phloem 
mother cells while those contiguous to xylem act as the 
xylem mother cells. The transit ion in cell type and activity 
through the cambial zone is gradual, part icularly in the 
active cambium of dicotyledons, and in pract ice it is 
difficult to define the radial extent of the true cambium. 
The concept of mult iser iate cambium may or may not 
include reference to a single permanent initial within each 
radial file of cells. One school of thought postulates a 
mult iser iate zone in which all the cells are equally endowed 
with the mult ipl icat ion capacity. This view, proposed by 
Raatz (1892) has been strongly supported by Catesson 
(1964). The other one and, of course, the most axiomatic 
interpretat ion of the cambium pleads for the existence of a 
single initial cell in each radial file of cambial cells which 
ul t imately makes for the origination of all the cambial 
der ivat ives . Such an initial lies somewhere between the 
phloem and xylem mother cells. This view mainly put forth 
by Bannan (1955, 1968) and Newman (1956) has been 
convincingly substantiated by the ul t rastructural studies of 
Mahmood (1968) and Murmanis (1970) pertaining to the 
tangential wall character is t ics . Despite the difficulty in 
dis t inguishing the actual initials in the actively dividing 
cambial zone, a group of workers restricts the use of the 
term cambium to the initials only. Such an interpretat ion 
often used in American l i terature (Wilson et al. 1966; 
Zimmermann and Brown 1971), defines the cambium to be a 
functionally uniseriate layer between actively dividing 
xylem and phloem cells. In the present study, the cambium 
has been considered as a mult iseriate zone of pericl inal ly 
dividing cells lying between the differentiating phloem and 
xylem with a distinct initial capable of both pericl inal and 
anticl inal divisions lying somewhere within each radial file 
of cells (Butterfield 1975). 
Almost majority of the woody angiosperms and 
gymnosperms exhibited periodic growth in height as well as 
in thickness as long as they remain al ive. It is, therefore 
t runks of the trees get thicker and thicker with the 
advancing age. Growth in linear direction is the result of 
the activity of the "apical meristems" while growth in 
diameter is caused mainly by the meristematic activity of 
the lateral meristem i.e., vascular cambium, simply the 
"cambium" and cork cambium. These two meristem produce 
secondary t issue, namely secondary xylem, secondary 
phloem and cork (phellem) and secondary cortex 
(phel loderm). In a three dimensional view, the cambium 
forms a continuous sheath about the xylem of stems, roots 
and their branches and also extends occasionally into the 
leaves (Khan, 1977). In a number of dicotyledons and 
gymnosperms, stems continue to grow in thickness even 
after they have ceased to elongate. The vascular cambium 
originates from the procambium which in its course is 
derived from the actively dividing and enlarging 
meris tematic cells of apical meristems of shoots axis . 
During the progressive maturation of the derivatives of 
apical meristems, an undifferentiated part of the 
procambium is left in meristematic state. This 
undifferentiated part later develops into the vascular 
cambium also known as fascicular cambium which occurs 
between the primary phloem and xylem of the primary 
vascular system. In most of the plants , the cambium is 
reported to undergo successive active and dormant phases 
during a growth year, with certain exceptions among 
tropical species in which the cambial activity continues all 
the year round. This specific behaviour of the cambium is 
believed to be controlled by several internal and external 
factors such as hereditary const i tut ion, physiological 
phenomena and environmental condit ions of the habitat . It 
is, therefore interesting to investigate the influence of 
different physical and climatic factors on the cambial 
s t ructure and activity and then to suggest measures for the 
maintenance of desired growth pattern to ensure a vigorous 
growth. 
Sufficient work has been done on the structure and 
behaviour the cambium in a number of temperate species , 
but limited information is available about Indian tropical 
p lants . Therefore, much is left to investigate about this 
meristem in Indian tropical species. Although, a major 
contr ibution in this direction has come from laboratories at 
Aligarh, Delhi and Vadodara. No information is so far 
available on the cambium of Alstonia scholaris, R.Br. 
Embilica officinalis, Gaertn. and Putranjiva roxburghii, 
Wall, although all of them are of utmost importance. It was 
considered desirable to investigate the structure and 
behaviour of cambium of these species under varying 
condit ions of age and season. 
The present study mainly comprises of the following 
aspects . 
1. Formation of vascular cambium and its derivat ives 
i.e., phloem and xylem. 
2. Ontogenetic changes in the structure of cambium 
and its derivatives. 
3. Seasonal changes in the structure of cambium and 
its derivatives. 
4. Periodici ty of cambium and the production of its 
derivatives. 
5. Statistical analysis of the observations recorded on 
various parameters . 
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General information regarding the species selected for 
present project of research. 
1. Alstonia scholaris, R .Br . 
Class Dicotyledonea 
Family Apocynaceae 
Genus Alstonia 
Species Scholaris 
Common name Devil 's tree 
Description 
This is a large evergreen tree with a straight often 
fluted and buttressed stem, 60 feet high and upto 8 feet in 
girth. The bark is yellow inside and exudes a milky ju ice , 
when injured. Branches are whorled, smaller ones densely 
lent icel late . Leaves in verticils of 4-7, coriaceous bright 
green and shining above, pale or glaucous beneath, 3-8 
inches long, oblong, lanceolate or obovate, tapering at base 
into a short pet iole ; main lateral nerves many, paral lel and 
almost at right angles to the stout mid rib. Flowers 
greenish-white , arranged in compact umbellately branched 
pubescent cymes, pedicels short. Calyx 1/10 to 1/8 inches 
long pubescent , lobes 1/12 inches, oblong. Corolla tube 1/3 
inches long, constricted in middle, hairy on both the s ides, 
lobes ovate, obtuse. Anthers acute. Ovary vi l lous , st igma 
bifid. Seeds about 1/3 inches long, slender, flattened with 
long tuft of tawny hairs at each end. Flowering December to 
March and fruit ripens during May and June. 
Distribution 
The tree is found in eastern portion of Dehradun and 
eastwards in moist forests along the base of Himalaya. But 
now planted abundantly as a roadside tree in Delhi and 
western Uttar Pradesh. It also occurs in Burma, Ceylon, 
Malaya, East Indies and in Phi l ippines . 
Economic Importance 
In indigenous medicine, the bark is regarded as bitter 
tonic and febrifuge, and is popularly used in treatment of 
malaria. It is also stated to be useful in dysentry and 
diarrhoea. The wood is light and easily worked and is much 
used for boxes, etc, and in Burma for making black boards. 
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Emblica officinalis, G a e r t n . 
Class Dicotyledonea 
Family Euphorbiaceae 
Genus Emblica 
Species Officinalis 
Common Name Amla 
Description 
A moderate-sized deciduous tree with usually a 
crooked trunk, bark light grey or greenish, peeling off in 
small irregular patches, red inside. Branches spreading, 
branchlets glabrous or finely pubescent often deciduous. 
Leaves small, sub sessible, dist ichously arranged along the 
branchlets and thus simulating the leaflets of a pinnate leaf, 
3/8 to 1/2 inches long, narrowly linear, obtuse, pale-green 
glabrous or puberulous beneath, stipules minute, ovate, 
finely acute. Flowers greenish-yel low, arranged in axillary 
fasicles on the leaf bearing branchlets or on the naked 
portion below the leaves; bracts fimbriate. Male flowers 
many, shortly pedicel led. Sepals 6, oblong, obtuse 1/20 
inches long, disk none. Anthers 3, erect, on a short column, 
slits, vert ical . Female flowers few subsessi le. Sepals as in 
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male. Disk cupular, lacerate. Ovary 3-celled, styles connate 
at the base, twice 2-fid and with acute lobes. Fruit fleshy, 
globose, pale-yellow and often tinged pink when ripe 1/2 
inches in diameter, obscurely 6-lobed. Flowering March to 
May and fruit ripens during cold season 
Dis t r ibu t ion 
The tree is found throughout tropical and subtropical 
India, chiefly in dry deciduous forests ascending to 4,500 
ft. on the hi l ls . It is also found in Ceylon, Burma, the 
Malay islands and China. It is often cultivated in gardens 
and home yards, too. 
Economic I m p o r t a n c e 
Amla fruit has been held in high esteem in indigenous 
medicine. Dried fruit is used in haemorrhage, diarrhoea and 
dysentry. In combination with Iron it is used as a remedy 
for anaemia, jaundice and dyspepsia Emblic myrobalan is 
used in many compound preparat ions . Acute bacil lary 
dysentry may be arrested by drinking a sherbet of amla with 
lemon ju ice . 
The fruit is much esteemed for making pickles , 
preservatives and je l l ies . The fruit is probably the r ichest 
natural source of Vitamin C. The seeds are used in 
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treatment of asthama, bronchitis and bi l iousness . The fruits, 
bark and leaves are rich in tannin. Immature fruits are used 
for tanning in combination with other tanstuffs such as 
myrobalans. The fruits are also used in preparat ion of 
writing inks and hair dyes. The dried fruit is detergent and 
used as shampoo. 
The wood is used for agricultural implements , poles 
and inferior bui lding and furniture work. 
3. Putranjiva roxburghii, Wall 
Class Dicotyledonea 
Family Euphorbiaceae 
Genus Putranjiva 
Species roxburghii 
Common Name Putrenjeeva 
Description 
A mostly dioecious, evergreen tree with pendant 
branches, at taining a height upto ISmeters . and some times 
girth extending beyond 2 meters , found wild or cult ivated 
almost in all parts of India, ascending upto an al t i tude of 
750meter, bark grey, whitish when young. Leaves al ternate, 
coriaceos, dark-green, shining, IV2 to 4 inches in long, 
obliquely el l ipt ic-oblong or ovate, obtuse, acute or shortly 
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acuminate, entire or distantly serrulate; main lateral nerves 
many, with ret iculate venat ion. Flowers small, yellow, 
dioecious. Male very shortly pedicel led, arranged in dense 
axillary often spike-like clusters . Sepals 3-5, oblong, 
obtuse, ci l iolate. Stamens usually 3, filaments more or less 
connate at the base, anthers globose. Female flowers 2 to 3, 
pedicels-1/3 to 1/2 inches long, pubescent . Sepals 5-6, 
broadly el l ipt ic , obtuse concave, ci l iolate. Ovary 3-celled, 
tomentose; styles 3, short, recurved, stigmas crescent-
shaped. Drupe 1/2 to 3/4 inches long, ovoid-globose, 
rounded or pointed at the apex white- tomentose. Flowering 
April to May and fruit ripens during winter. 
D i s t r i b u t i o n 
It is found in moist shady forests of Dehradun and 
Saharanpur divisions and eastwards along sub-Himalayan 
tracts . It grows well throughout the tropical India, also in 
Ceylon and Burma. 
Economic i m p o r t a n c e 
The wood is used for house building, agricultural 
implements, tool handles and turnery. Leaves and stones are 
given in decoction for cold and fever; they are also used in 
rheumatism. In Bihar, crushed leaves are reported to be 
applied to swollen throats of cattle. Stones of the fruit are 
strung into rosaries and necklaces. 
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GEOGRAPHICAL SET-UP 
Aligarh distr ict , is located in the western part of Uttar 
Pradesh, at a distance of about 126 Km from India 's capital 
New Delhi. The district of Aligarh spreads from 27°, 29° to 
28°, 10° north lati tudes and 77°, 29° to 28°, 38° east 
longitudes. The greatest width from west to east is about 116 
Km and the maximum length from north to south is about 72 
Km. It is part of the fertile Ganga -Yamuna 'doab'. The 
district spreads over 4023 square Kilometres and this area 
varies slightly from year to year due to changing courses of 
the river Ganga and Yamuna. River Ganga separates the 
district from Budaun for a few Kilometres in the northeast 
while river Yamuna consti tutes the dividing line in the 
northwest between Aligarh and Gurgaon distr ict of the state of 
Haryana to the north, the boundary is formed by Anupshahar 
and Khurja tahsils of district Bulandshahar . On the west and 
south west lie Chatta, Mat and Sadabad tahsils of Mathura 
district while in the southeast and east the boundary is formed 
by Jalesar, Etah and Kasganj tahsils of Etah distr ict . 
Structure and re l ief 
Aligarh district lies in an extensive alluvial plain formed 
by the deposi t ion of alluvium in a fore deep. The plain in 
Aligarh distr ict , like a true representat ives of the Ganga plain, 
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is generally level with imperceptible slope from north to 
south. It is remarkably homogeneous in character but at some 
places sand ridges alternated by depressions are found 
specially in the western part of the district . These r idges are 
mostly seen in Khair and Iglas tahsi ls . There is an 
imperceptible large depression in the centre of the distr ict , 
which in the north is narrow but gets wider towards the south 
and eventually passes into the adjoining district of Etah. This 
depression is characterized by the presence of clayey soils 
with imperfect natural drainage and as a result of this the area 
is dotted with numerous Jhils and is characterized by the 
presence of Usar patches with reh deposits . On both sides of 
this depression, there is higher ground. The western higher 
ground occupies a tract of considerable size containing soils 
which are lighter and fertile. In the east, the higher ground 
again descends into slight depressions formed by the river 
Kali Nadi . These depressions have been formed as a result of 
fluvial action coupled with that of strong westerly winds . A 
close look at the topography of the district reveals that it has a 
shallow trough of sauce-pan-shape. 
C l i m a t e 
Aligarh district experiences tropical monsoon climate 
character ized by two extreme condit ions of severe cold in 
winter and oppressive heat in summer with a rainy season in 
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between. The character of the climate is similar to that 
prevalent in the Western part of Uttar Pradesh. The district is 
affected by the Northeast and Southwest monsoon in a year. 
Based on these two monsoon winds, the Indian meteorological 
department has divided the year into four seasons. 
1. Cold weather season (December- February) . 
2. JHot weather season (March- mid June). 
3. Season of general rains (mid June-mid September) 
4. Season of retreating monsoon (mid September-November) 
Cold w e a t h e r season 
The prevalence of cold and dry air is the main 
character is t ic feature of this season. Sky is generally clear and 
cloud cover rarely exceeds two tenth. The weather is fine, 
temperature and humidity both are very low. During this 
season, the temperature falls and pressure rises as a result of 
which a high pressure belt develops over north India which 
influences this district . 
The beginning of the season is marked by a considerable 
fall in temperature . The mean monthly temperature varies from 
18.8°C to 21.5 C in November and it falls during December 
and varies from 14.9°C to 16.1^C. The temperature experiences 
a further decrease in January when the average comes down to 
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12.8*^C. As compared to January, temperature starts r ising 
from February and its mean varies from 16.4°C to 17.2°C. 
(Table 1) 
The direction of prevai l ing winds during the season is 
normally from west and northwest to east and southeast . The 
winds during the winter season are light and generally blow at 
an average speed of about 3.2 Km/hr. Winds are mostly dry 
owing to their continental origin. 
The rainfall in winter months is very low and irregular. 
This rain is brought by the western depressions originat ing in 
the north of Atlantic and proceeding eastwards with the 
prevai l ing wester l ies . The average rainfall at Aligarh, caused 
by these disturbances, is recorded 0.0 to 10.0mm from 
December to February. Hai ls torms, sometimes accompanied by 
cold weather storms and frost also occur occasional ly . With 
these few exceptions, generally the weather in the winter 
season is pleasant. By the end of February the sun moves 
northward as a result of which the temperature rapidly rises 
and hot weather season sets in by March (Table 1). 
The Hot W e a t h e r Season 
This season begins with a rise in temperature and 
decrease in pressure. The maximum temperature in March is 
about 32°C, while the minimum temperature is 15°C. The 
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maximum and minimum temperature continues to rise through 
April until the highest temperature of the year is recorded in 
the month of May and June. The temperature of May goes up 
as high as 43°C or 44°C and even more than 46°C for days in 
both the months. The average maximum and minimum 
temperature is found varying from 28.5^C to 34.5'^C. The days 
during these months are characterized by intense heat, dry air 
and low relat ive humidity. The diurnal range of temperature is 
quite high due to which the days are warm and hot but nights 
are pleasant . 
The hot and dry winds which blow with great velocity 
are a regular phenomenon. These winds are character is t ic of 
this season and are locally known as "loo". The velocity of 
winds increases from 5.5 Km/hour, in March to maximum of 
70.5 km/hour in June. These winds are usually calm during the 
night hours , but from 8.00 A.M. to 1 or 2 P.M., the velocity 
increase rapidly and during the next 2 or 3 hours it blows 
almost with the force of a gale, after which it again falls very 
rapidly until 6.P.M. when it is light and nearly calm. The 
humidity is lowest in these months , occasionally falling to 
24.4% (Table 1). 
A peculiar phenomenon of this season is the occurrence 
of dust thunderstorms which are locally knows as "andhis". 
They are caused by the conventional movements of air and 
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usually occur in the afternoon when the air movements are 
strongest. The frequency and strength of these storms 
increases with the advancement of season. During the period 
of May and early .Tune they are more frequent and sometimes 
move at a speed of 48 to 64km per hour. These storms are 
short lived and sometimes they cause rains with winds, 
thunder and blinding dust. However, it brings an appreciable 
decrease in the temperature. The air becomes cold and one 
gets temporary rel ief from the oppressive heat. No rainfall , 
except for a small amount accompanied by the thunders torms, 
makes drought situation severe during this season. 
The Season of Genera l Ra ins 
By the middle of June, changes occur in the weather 
phenomenon. This is called, over north India, as the burst of 
monsoons. Due to excessive heat in summer months , a low 
pressure area develops in the north western India and by the 
middle of June it brings a complete reversal in the air 
movements. The atmospheric pressure continues to decrease 
till the first week of June when it is lowest and the winds start 
to move from sea towards land. With the arrival of humid 
oceanic currents in July, temperature falls and the air becomes 
cool and pleasant . There is a significant fall of temperature 
from July to August and goes down upto 29.4°C in July. The 
relat ive humidity increases from 55.4% to 82.8% during June, 
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July and August . The rainy season is character ized by overcast 
sky having an average cloud cover about seven tenth in July 
which rarely exceeds two tenth during the summer months 
(Table 1). 
The time of the onset and retreat of monsoon varies from 
year to year. Generally, the rains set in by the end of June or 
by the first week of July and continue till the end of June or 
by the first October. July and August are the rainiest months 
and having average rainfall varying from 237.05mm in 1998, 
130.5mm in 1999, and 390.35mm in 2000 respect ively. By the 
September there is a marked decrease in rainfall . The average 
rainfall during September of 1998, 1999 and 2000 is recorded 
92.1mm. The incidence of rainfall is not cont inuous 
throughout the season but it takes place in brief spells of 
cloud burst and usually two to three days of continuous rain 
followed by an interval of a week or so when there is almost 
no rain. The decreasing trend of rains in September, gradually 
ceases by the end of this month or early October (Table 1). 
The Season of R e t r e a t i n g M o n s o o n 
The southwest monsoon ends by September or from the 
beginning of October. Usually this monsoon retreats gradual ly 
and September has hot and sticky weather with a dist inct r ise 
in temperature which however, comes down by the end of 
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October. The intensity of monsoon now decreases and rainless 
intervals become longer. The retreat of monsoon takes place 
by a series of intermittent rains and dry weather . With the 
recession of monsoon, the precipi tat ion falls and weather 
becomes dry and warm. During this period, the sky is clear 
and relat ive humidity falls to 51.2%. The precipi ta t ion in 
October is sometimes nil and cloud cover rarely exceeds one-
tenth. Sunshine due to clear sky causes a slight increase in the 
day temperature but the temperature in the night decreases 
slightly because of the dryness of air. However, by the end of 
October the humid oceanic currents are replaced by the dry 
continental air. Thus, it is a season when southwest monsoon 
retreat , yielding place to northeast monsoons. This period may 
be considered as the period of transit ion between the hot wet 
weather and cool dry weather. The temperature during this 
season is uniformly high in the beginning of October but by 
November it begins to decrease more sharply and a cool 
weather sets in by December with temperature around 15.5^C 
(Tab l e l ) . 
Soi ls 
The typical sauce-pan topography of Aligarh distr ict has 
greatly helped in determining the character of soil . The rivers 
Ganga and Yamuna flowing on the highland per ipher ies of the 
distr ict spread alluvium over extensive area towards central 
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low lying tract. The alluvium brought by the river Ganga 
spreads over about three-fourth of the total area, while the 
alluvium brought by the river Yamuna spreads over about one-
fourth of the total area of the district . The soils of the distr ict 
is mainly made up by the alluvium brought by the two rivers 
Ganga and Yamuna. 
G e o l o g i c a l Class i f i ca t ion of Soil 
The soils have been divided into two broad geological 
divis ions: 
1. Old alluvium or bhangar soil. 
2. The new alluvium or Khadar soil . 
B h a n g a r soi l 
The bhangar lands are found above the flood level of the 
main rivers and their t r ibutar ies . The most important material 
in bhangar lands is clay, which, at places becomes loam or 
sandy loam. In the clayey part of the alluvium, irregular 
kankar (nodules of calcium carbonate of various shapes and 
sizes) are found at different levels. These have been formed 
due to transformation of calcareous materials of alluvial 
deposits into lumps or nodules . In areas where there is no 
proper surface drainage these salts keep on accumulat ing by 
leaching from the neighbouring regions. During the dry 
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season, the soluble salts are sucked up in solution to the 
surface by capillary action and are deposited there in the form 
of white efflorescence. In many parts of the distr ict the slope 
of land is less than 20 cm to a ki lometer and in some places 
there is complete lack of drainage, causing deposi t ion of salts 
on the surface in form of'Reh'. 
K h a d a r so i l s 
Khadar lands are confined to the tracts and the flood 
plains of the rivers and their t r ibutar ies . They are formed by 
the main channels which are confined to well- defined valley 
and the flood level of the water remains below the general 
level of the countryside. The low level of the khadar is in 
confirmity with the principle that as a river gets older, more 
and more of its deposits are found to be of a younger age, and 
the bed of the river sinks lower and so these younger deposits 
occupy lower levels than those occupied by earl ier deposi ts . 
Khadar lands are light colored and poor in calcareous matter, 
and are composed chiefly of sand, silt mud and clay. They are 
generally free from kankar deposits . 
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MATERIALS AND METHODS 
To study the cambial activity and production of 
secondary phloem and xylem, 24 normal 40 year old trees of 
each species, were selected from local plantat ion. Cambial 
samples together with some sapwood and bark of l-2cm square 
size, were collected from main trunks at chest height, from the 
southern side of the tree using a chisel and hammer at 
fortnightly intervals for a period of three consecutive calendar 
years (1998, 1999 and 2000). Samples were collected from 
three trees on each turn. The next set of samples were 
collected from the same set of trees at least after three 
months. Care was taken to collect the samples at least 10 
inches away from the wounded spot, when the tree was used 
for second or third t ime. 
To study the ontogenetic changes in cambium and its 
derivatives, five trees approximately 40 years old of 
comparable size and vigour, were selected for each species 
and seven samples of bark with intact wood were collected as 
described above, at different heights from the base from each 
tree. These collections were made once during the study 
period that is in 1998. 
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Fixat ion and preservat ion 
All the samples were fixed on the spot in F.A.A. 
(formalin-acetic alcohol) and after 72 hour duration preserved 
in 70% alcohol. 
To follow the seasonal and developmental changes in 
structure, the samples were sectioned on a Reichert ' s sl iding 
microtome, at a thickness of 12-20 jim in t ransverse , 
tangential and radial longitudinal planes. The sections were 
then stained in different combinations of stains and mounted 
in Canada balsam after dehydration in ethanol ser ies . 
Stains used 
Following stains were used alone and in combinat ion 
depending on the purpose of study. 
A) For the study of bark and wood 
1) Heidenhains Haematoxylin-safranin (Johansen 1940). 
2) Heidenhains Haematoxylin-Bismark brown (Johansen 
1940). 
3) Tannic acid-Ferric chloride-Lacmoid (Cheadle et al., 
1953). 
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B) For the s tudy of cambium 
1) Heidenhains Haematoxylin. 
2) Tannin acid-ferric chloride (Foster 1934). 
In addition to above 2% aqueous iodine for starch (Sass 
1958) and 1% astra blue for macerated sieve element were also 
used. 
Macera t ion 
For the maceration of phloem cells , especial ly, sieve-
tube elements and phloem fibres, bark samples were cut into 
1mm thick tangential slices which were separately treated with 
5% sodium hydroxide (NaOH) solution at 45-50°C. The 
treatment was continued until the cells of the slices became 
loose enough to be separated on a glass slide either by teasing 
with fine needles or by tapping gently over the cover slip after 
mounting in 5% glycerine (Ghouse et al. 1974). The slices 
were then washed and stained. Safranin and Bismark brown 
was used for staining phloem fibres and astra blue ( 1 % 
aqueous solut ion) or aqueous lacmoid solution for s ieve-tube 
elements . 
To study the ontogenetic and morphological details of 
different components of xylem, samples were taken from 
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varying heights of the stem axis and of varying seasons. 
Samples were treated with concentrated HNO3 added with a 
small amount of potassium chlorate to accelerate the 
macerat ion process. The partially macerated sl ices were 
neutral ized with NaOH and stained with Safranin or Bismark 
brown. The different components were separated by 
mechanical means using a pair of needles or applying slight 
pressure over the cover slip after mounting in 5% glycer ine. 
For s tarch detec t ion 
To study the seasonal fluctuations in starch contents of 
cambial cells and its derivative t issues (phloem and xylem) 
fresh blocks of material were used. They were sect ioned on a 
sliding microtome at a thickness of 20-25|j.m in t ransverse , 
tangential and radial longitudinal planes. These sect ions were 
treated with 2% aqueous iodine-potassium- iodide solut ion for 
localization and quanti tat ive estimation of starch (Johansen 
1940). 
Q u a n t i t a t i v e e s t imat ion of the t i s sue 
The relative proportion of different types of elements 
was determined on the basis of the area occupied by the 
respect ive elements. This was calculated by the method 
described by Ghouse and Iqbal (1975). The procedure involved 
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camera lucida drawing of different components of xylem and 
phloem in t ransect ions and of the rays of cambium, xylem and 
phloem in tangential sections on tracing paper of uniform 
thickness in 20 random replicates, removal of port ions of the 
paper bearing drawings of any one type of component and then 
weighing of the two isolated lots of the paper cutt ings 
separately on a sensit ive micro-balance. The ratio of one type 
of element to the other on per unit area basis , was then 
calculated (Ghouse and Iqbal, 1975, 1978). 
M e a s u r e m e n t s 
From each sample, 500 elements, macerated or sect ioned, 
were measured on random basis with the help of ah ocular 
micrometer scale under specific magnification of a compound 
microscope. The mean and range of cell dimensions were 
determined after pooling the readings obtained from different 
samples . Rays of varying heights were measured and 
categorized as short (upto 300|im), medium (301 to 600|am) 
and tall (600|im onwards) , whereas width wise rays were 
categorised as uniseriate , biseriate, and mul t iser ia te . 
Stat i s t i ca l ana lys i s 
Observations recorded on various parameters were 
subjected to statist ical analysis. 
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1. Range 
The first value represents the lower limit and second one 
represents the higher limit of observations in different sets of 
data. 
2 . Mean (X) 
The arithmetic mean or the so called average value is 
counted by taking the sum of a number of values 
(X1+X2+X3 +Xn) and dividing it by the total number of 
observations (n). 
X,+X2 + X3 + X „ 
Arithmetic mean (X) = 
n 
Where, X1 + X2+X3 + Xn = individual observat ion, 
n= total number of observations involved. 
3. S tandard error (SE) of mean 
The SD computed for sample mean is called by the name 
of standard error of mean. It is not only computat ional error 
but merely a standard deviation measuring the variabi l i ty or 
fluctuations among sample means and calculated by following 
formula. 
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SD of Sample 
+ SE= 
Vn 
Where SD= Standard deviation of individual observation 
n= Number of observations 
4. S tandard dev ia t ion (SD) 
Standard deviation or standard range of observat ion was 
util ized in determining the stat ist ical s ignificance of values 
obtained. It is a measure of variabil i ty or of dispersion which 
is the posit ive square root of mean of the square of deviat ion 
of the individual observations from their ar i thmetic mean. It is 
calculated by following formula: 
SD for large samples: 
V(X-XO'+ (X -X2)'+(X-X3)' (X-XJ^ 
SD + 
SD for small samples: 
V(X-X,) '+ (X -X2)' + (X-X3)' (X -X„ ) ' 
SD + = 
n-1 
Where X= mean of observations involved 
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Xi,X2,X3 Xn = observations 
N= total number of observations 
6. Coef f i c i ent of var ia t ion (CV%) 
It measures the relative magnitude of variat ion present in 
observation relat ive to magnitude of their ari thmetic mean. It 
is defined as the ratio of standard deviation to ari thmatic 
mean expressed as percentage and in a unit less number. 
The following formula was applied to compute 
coefficient of variabil i ty (CV) 
SD 
CV % = xlOO 
X 
Where, SD = standard deviation of sample 
X = Arithmetic mean 
7. Least s ign i f i cant d i f ference (LSD) 
The least significant difference (LSD) was calculated for 
different parameters following the methods and. formulae 
described below (Sundararaj et al. 1972). 
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s tep 1. Construction of data table 
Treatments 
Replicates 
t2 t3 t4 ts te Total 
1 6 11 16 21 26 1 + 26=Ri 
2 7 12 17 22 27 2 + 27=R2 
3 8 13 18 23 28 3 + 28-R3 
4 9 14 19 24 29 4 + 29-R4 
5 10 15 20 25 30 5 + 30=R5 
Tota l 1+. . 5 6+..10 11+..15 16+..20 21+..25 26+..30 R, + ...R = 
= T, =T2 =T3 =T4 =T5 =T6 T, + ...T6 = G.T. 
Step 2. Correction Factor (C.F.) - (G.T.) ' 
where, G.T. = 
>2 
t X r 
t 
Grand Total 
No. of t reatments 
Step 3 . 
r = No. of replicates 
Sum of squares for repl icates (Vali) 
R,^ + R2^ + Rs^ + R4^ + Rs^ 
V a l , - •C.F. 
Step 4. Sum of squares for t reatments (Val2) 
Val2= 
T,2 + T2^ + T3^ + T4^ + Ts^ + T( 
•C.F, 
Step 5. Total sum of squares (Val3) 
Val3 = ( r + 2^ + 3^ + 4^ + 5^4- 30^) - C.F. 
Step 6. Error sum of squares (vaU) 
Val4 = Val3 - (Vail + V a ^ ) 
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Step 7. Construction of ANOVA table 
Variation 
of 
Due to 
Replicates 
Treatments 
Error 
Degree of 
Freedom (DF) 
r-1 
t-1 
( r - l ) ( t - l ) 
Sum 
Vail 
Val2 
VaU 
of squares Mean square 
error 
Val i /DF 
Valz/DF 
VaU/DF =MSE 
Mean square of error x 2 
LSD = / X t (t value of DF of error 
\ No. of replicates at 5% or 1% level) 
To see the 't' value, DF of error was calculated with the help 
of following formula 
DF of error = (t-1) (r-1) 
If the difference between the average of two t reatments 
exceeds the estimated LSD at 5% or 1% level the difference 
between the two treatment is said to be significant at 5% or 
1% level. 
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OBSERVATIONS 
S t r u c t u r e of c a m b i u m 
In all the three invest igated species the vascular 
cambium forms a continuous cylinder between xylem and 
phloem in the tree trunk. It is essent ia l ly made up of 
ver t ical ly e longated, spindle shaped elements with taper ing 
end wal ls- the fusiform init ials and radial ly al igned almost 
isodiametr ic e lements- the ray in i t ia ls . The ray ini t ia ls are 
grouped together forming rays of varying height and width, 
which t raverse radial ly. The vertical cylinder is made up 
of compactly placed, vert ical ly arranged fusiform init ials 
with tapering end walls , overlapping each other to various 
degrees in all the three invest igated species . Arrangement 
of different components of vascular cambium thus leads to 
the formation of non-s tor ied/non-s t ra t i f ied s t ructure in all 
the three invest igated species (Plates I -A, I I -A,B) . 
The walls of fusiform init ials bear primary pit fields 
having dist inct plasmodesmata connect ions with the 
cont iguous elements , par t icular ly with ray in i t ia l s . The 
radial walls of fusiform init ials are sl ightly th icker than 
tangential walls and look prominent ly beaded during 
dormant phase of cambium, (Plates I -B,I I -D, I I I -A) . 
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Measurements of fusiform ini t ia ls in tangent ia l 
sect ions have revealed that their length varies from 530-
1290nm in Alstonia scholars, 225-1200|Lim Emblica 
officinalis and from 855-1325|am in Putranjiva roxburghii 
and height of tapering ends measured from 75-225|^m 
A.scholaris, from 55-170|im in E.officinalis and from 45-
SlSj^m in P.roxburghii respect ively (Table 2) . The average 
length of fusiform init ials is noticed about 899.29|j.m in 
A.scholaris, 789.96|am in E.officinalis and 1079.15|am in 
P.roxburghii. The width of fusiform ini t ials is found to 
vary from 20-52|j,m in A.scholaris, 14-46|im in 
E.officinalis and from 16-50fim in P.roxburghii and their 
average being 33.88|j,m, 25.72jj,m and 31.48nm respect ively 
(Table 2). Thus P.roxburhii is found to have the longest 
fusiform ini t ia ls among the three species inves t iga ted . 
An appreciable extent of width and height var ia t ions 
is recorded in the rays and ray ini t ials in all the 3 species 
(Plates I-C, II-A, I I I -D). The width of cambial rays varies 
from 1-9 cells whereas height varies from 1-95 in the 
invest igated species . The size of ray ini t ia ls also var ies in 
all the 3 species . The anticl inal and per ic l ina l diameter of 
these ini t ials ranges from 12/16-54/56|u.m in A. scholaris, 
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10/12-160/42|am in E.officinalis and 8/12-60/36| im in 
P.roxhurghii (Table 2). 
The rays of different height are classified for the 
sake of convenience as short (upto 300|j,m), medium (301-
600|im) and tall (600|im onwards) . The rays of varying 
height and width are found in different proport ion in all 
the present ly invest igated species . In A.scholaris short , 
medium as well as tall rays are noticed but medium rays 
are more frequent as compared to short rays and tal ler 
ones. In E.officinalis short rays are very few in number 
and tall rays are found dominat ing the medium ones. 
Similarly in P.roxhurghii, tall rays are more frequent than 
medium and short rays (Fig. 1). Like wise the width of 
rays also varies in all the three species . The mul t i ser ia te 
rays are predominant and const i tute about 88% of total 
number of rays in a unit area in E.officinalis, about 68% in 
P.roxburhii, while in A.scholaris it numbers about 42% in 
a s imilar count. Biseriate and uniser ia te rays const i tu te 
about 29% in A. scholar is and 11% and 2 1 % in 
P.roxhurghii respect ively. On the other hand in 
E.officinalis, biseriate rays are total ly absent and 
uniser ia te ones consti tute about 12% (Fig. 2). The ratio of 
ray and fusiform initials in the cambial cylinder differs in 
all the three investigated species . In A.scholaris ray 
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ini t ials const i tute about 38% of cambial zone, and in both 
E.officinalis and P.roxburghii ray ini t ia ls occupy about 
39% area in tangential plane (Fig. 3). 
The ray ini t ials are general ly impregnated with 
varying amounts of starch in all the three species 
invest igated. In E.officinalis, heavy deposi t ions of tannins 
are also noticed in ray ini t ials while fusiform ini t ia ls 
usually possess large vacuoles and nuclei . 
O n t o g e n e t i c a l t e r a t i o n s in the c a m b i a l m a k e - u p 
The development of the vascular cambium starts at 
the basal internode in fhe growing shoots and proceeds 
towards the apex. The differentiat ion of cambial ini t ia ls 
occurs at- different loci in the fascicular regions and later 
extends laterally to form a ring of cambium. In t ransverse 
section of young shoots , the cambial zone consis ts of 3-6 
layers of cells in A.scholaris, 3-8 layers in E.officinalis 
and P.roxburghii while the number of cell layers in 
cambial zone of adult trees varies from 3-12, 3-10 and 2-
10 respect ively . 
The var ia t ions in the cambial make-up that occurs 
with growing size of tree axis, as the tree ages, have been 
followed in different age group t rees . It has been found 
that cambial in i t ia ls , especially fusiform ini t ials undergo 
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considerable size variat ion with the growing girth of the 
axis . In general the fusiform init ials are noted to be longer 
in stouter parts of the axis than in slender ones (Table 3) . 
Advancing from apex of the tree downwards , the 
length of fusiform init ials goes on increas ing in 
A.scholaris. In E.officinalis, the length of fusiform ini t ia ls 
is found to decrease with increasing girth of the axis and 
then s tabi l ized. In P.roxburghii the length of the fusiform 
init ials ul t imately decl ines in the old trunk preceeded by 
an increase upto certain maximum (Tables 3-5). It appears 
therefore, that in A.scholaris and P.roxburghii abi l i ty of 
newly formed init ials to elongate in size depends on the 
age of the meris tem. The younger is the cambium, greater 
is the abili ty of ini t ials to elongate and conversely , the 
older is the cambium, the lesser is the abil i ty of the 
ini t ials to undergo expansion. In E.officinalis, a reverse 
trend has been noticed as far as dimensional var ia t ion of 
fusiform init ials is concerned. 
Similarly comparat ive analysis of the data obtained 
on the width of the fusiform init ials has revealed that in 
A.scholaris, width increases from top towards the base. In 
E.officinalis and P.roxburghii width do not exhibi ts any 
par t icular trend with increase in the circumference of the 
axis (Tables 3-5). 
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Measurements of tapering ends of fusiform init ials 
has shown that in A.scholaris, taper ing ends exhibit an 
increasing trend from top towards the base. In 
E.officinalis, tapering ends do not follow any specific 
trend of variat ion vis a vis age of the axis while in 
P .roxburghii, size of tapering ends increases in the 
beginning with advancing age and declines for a distance 
which is again followed by an increase in length at the 
base (Tables 3-5). 
Invest igat ions on the data of the size of ray ini t ials 
of invest igated species has revealed that the ant icl inal and 
pericl inal diameter averaged to be 24.45-34.30|u,m and 
24.75-35.35 |^ m respectively in A.scholaris, 67.25-
73.80 |j.m and 17.48-26.15 |j.m in • E.officinalis and 22 .45-
40.29 |_im and 11.90-18.75 jam in P.roxburghii (Tables 6-
8), but they do undergo greater mul t ip l ica t ion . (Fig. 4 and 
5). As a consequence of above changes , the ray ini t ials 
occupy a relat ively greater area in main trunk as compared 
to the younger shoots in A.scholaris and P.roxburghii, as 
well as in E.officinalis (Fig. 6). 
With the growing girth of the axis , the cambial 
cylinder also expands by adding more cel ls . Never the less , 
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their number increases to an appreciable extent , in older 
axis mainly through the mult ipl icat ion of the exis t ing 
in i t ia ls . The fusiform init ials undergo pseudot ransverse 
divisions and give rise to new init ials (Plates I -C,D, I I -D, 
I I I -B,C) . Similarly, the ray ini t ia ls also divide and give 
rise to new ray ini t ia ls . All this happens in order to cope 
with the expansion of the axis. The new ray ini t ia ls are 
also produced by conversion of fusiform ini t ia ls into ray 
ini t ials or by formation of new init ials by t ransverse 
segmentat ion of the fusiform cells or by the formation of 
new init ials as terminal or lateral segments (Plates I -D,F, 
II-E, IV-B). 
The ray ini t ials are found in aggregates forming 
linear or fusiform bodies- the rays which vary in height and 
width to a considerable extent in all the invest igated 
species . Occasional ly, fusion of two or more ver t ical ly or 
lateral ly aligned rays give rise to except ional ly tall or 
wide rays (Plate I-E, IV-B,D, E,F). This is brought about 
by the conversion of the intervening fusiform ini t ia ls into 
a group of ray ini t ials or by t ransverse fragmentat ion of 
fusiform init ials and their conversion into ray in i t ia l s . At 
t imes the fusiform init ials are found to intrude into a panel 
of ray ini t ia ls , result ing in the division of a broad or tall 
41 
ray into a number of smaller ent i t ies (Plates I-D, II-
A,B,C,E, I I I -E) . 
Consequent upon all developmental changes which 
take place as an accommodative measure to meet the 
increasing circumference of the central core of tree axis, 
the corresponding volume of the two types of cambial 
init ials also have to undergo changes accordingly . Thus in 
younger shoots , the fusiform ini t ia ls occupy about 80% of 
total tangential area of cambial cylinder in A.scholaris, 
7 5% in E. officinalis and 77% in P.roxburghii while in the 
main trunk, the proportion of fusiform init ials slumped to 
64%, 60% and 68% respectively (Fig. 6). 
Seasona l a l t e r a t i o n s in the c a m b i a l make up 
The fusiform initials as well as the ray ini t ia ls show 
certain changes in their dimensions under different weather 
condi t ions . Analysis of the data collected has shown that 
both the structure and the contents of the cambial init ials 
vary during different seasons. In A.scholaris, the average 
length and width of fusiform init ials varies from 801.50-
1033.50|am and 29.34-3 8.80 ^m respect ively , while the 
average size of their tapering ends ranges from 116.00-
178.00 \jLm (Table 9). The size of ray ini t ials also shows 
minor var ia t ions in different seasons. In A.scholaris the 
42 
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mean value of ant icl inal and pericl inal diameters ranges 
from 21.49/28.56-34.30/44.43 \xm during a calendar year 
(Table 12). In E.officinalis the average length and width of 
fusiform init ials ranges from 737.50-865.50|j,m and 18.66-
3 1.30|-im respect ively and size of tapering ends ranges 
from, 75.00-11 l.OOiam (Table 10). Similarly the mean 
values of anticl inal and pericl inal diameters of ray ini t ia ls 
ranges from 72.03/22.85-87.85/30.OO^m during calendar 
year (Table 13). In case of P.roxburghii, the length and 
width of fusifrom ini t ials varies from 1057.75-1110.75 \xm. 
and 28.00-35.68 |im respect ively while their end walls vary 
from 91.50-126.00 |im (Table 11). Their ant ic l inal and 
pericl inal diameters are found ranging from 30 .00 /16 .00-
41.11/21.12 i^ m (Table 14). 
Observat ions on the frequency of ray types , when 
analysed in fortnightly col lect ions have shown that the 
size as well as their formation is highly influenced by the 
seasonal f luctuat ions. The short rays occur more frequently 
in April , the medium sized in February, June and from 
August to November and tall rays from November to 
March, May and from July to September in A.scholaris. In 
E.officinalis, the short rays are more frequent in June, the 
medium in July while tall rays are more frequent in 
January, February and December. In P.roxburghii, the 
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short rays are frequent in October, the medium ones in 
March and the tall ones in May, September , November and 
December (Fig. 1). 
The dis t r ibut ion of uniseriate to mul t i ser ia te rays is 
not found to be much influenced by the seasonal 
var ia t ions . In A.scholaris, the mul t i ser ia te rays are 
dominant in number and const i tute 3 2 - 5 1 % of cambial zone 
in different months . Biser ia te rays general ly vary from 
24-37%, uniser ia te from 23-38% of cambial zone in 
different months (Fig. 2). In E.officinalis and 
P.roxburghii, mul t iser ia te rays are dominant and vary in 
number and const i tute 84-92% and 64-73% respect ive ly . 
The biser ia te rays are total ly absent in E.officinalis but in 
P.roxburghii they vary from 8-15%. The uniser ia te rays 
vary from 8-16% in E.officinalis and 15-24% in 
P.roxburghii of the cambial zone in different months 
(Fig. 2). 
In tangent ial plane, the amount of ray and fusifrom 
ini t ials show minor fluctuations in different months of a 
year. In A.scholaris, the percentage area occupied by ray 
ini t ials varies from 36-40%, the minimum being in Apri l , 
August and December while the maximum occurs in 
January, May and October (Fig. 3). In E.officinalis, the ray 
area is found to vary from 36-44%, the minimum being in 
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May and October and the maximum occurs in January (Fig. 
3), while in P.roxburghii, the area occupied by rays var ies 
from 30-44%, the minimum being February and maximum 
in May. 
The tannins are found to be absent in ray ini t ia ls 
during different months of the year in A.scholaris and 
P.roxburghii, but in E.officinalis they are found to be 
moderate in March, Apri l , September and October , poor in 
May,July and August , rich in January, February, November 
and December and totally absent in June (Table 15). 
Observat ions on the starch contents of the ray ini t ia ls 
reveal that the intensity of starch deposi t ion varies 
considerably in different months of the year. The starch 
has been found to accumulate in rich amount in the months 
of March, moderate in January, February, Apri l , August 
and September, poor from May to July and December , 
while it is absent during October and November in 
A.scholaris. In case of E.officinalis moderate accumulat ion 
of starch is observed from October to February and from 
May to July, poor during August and September and rich in 
March and Apri l , while in P.roxburghii the accumulat ion is 
moderate from December to February and during July, poor 
from March to June and during August and September and 
is total ly absent during October and November (Table 15). 
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Table 15: Var ia t ion (based on 20 samples) in the amount of s tarch 
and tannins in ray initials of selected species dur ing 1999. 
Months 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Ray initials 
Alstonia scholar is 
Starch 
++ 
++ 
+++ 
++ 
+ 
+ 
+ 
++ 
++ 
— 
— 
+ 
Tannis 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
Emblica officinalis 
Starch 
++ 
++ 
+++ 
+++ 
++ 
++ 
++ 
+ 
+ 
++ 
++ 
++ 
Tannis 
+++ 
+++ 
++ 
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S t r u c t u r e of s e c o n d a r y xy lem 
In A.scholaris, wood is typical ly diffuse porous 
having soli tary to mult iple pores . The mul t ip le pores are 
arranged in radial al ignment and some times number of the 
vessels forming one such mult iple group carried upto 
eleven vessels (Plates V-C). Parenchyma is abundant , 
para t racheal to diffuse and sometimes forming prominent 
bands between the mult iple pores . The rays in t ransect ion 
vary in width from uniser iate to mul t i ser ia te . It radial 
p lane, xylem rays appear to be he te rogenous , having 
procumbent cells in center and upright cells on both sides 
of the procumbent cells (Plate VI-D) . Sclerenchyma is 
around the pores as well as extending tangent ia l ly between 
the pores . Fibres are broad lumened with thin secondary 
walls . Vessels have simple, oblique and t ransverse 
perforat ion plates . Their lateral walls have over crowded 
bordered pits and pit apertures are compressed looking slit 
l ike. Fibres are aseptate and have simple p i t s , which are 
l imited to radial walls (Plate VI-B) . 
In E.officinalis, the wood is diffuse porous with 
pores soli tary and in mult iples consis t ing upto 5 cells and 
mostly they are in mult iples of 6 or 7. (Plate VII -A,B) . 
Parenchyma limited to rare cel ls touching the vesse l s , 
mostly diffuse containing rich deposi ts of tannins . Rays 
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varying in width from uniser ia te to mul t i ser ia te occur in 
t ransverse plane. Most of the ray cells are filled with 
tannins . Sclerenchymatous fibres are having dis t inct 
simple pit pairs and blind pits on their secondary wal l s . 
The vessel elements are found having simple perfora t ion 
plates with oblique and t ransverse end wal l s . The lateral 
walls of the vessels are having dist inct crowded bordered 
pits (Plate VII-C) . The xylem fibres are septate and some 
of them are found having degenerat ing nuc le i . Rays are 
heterogenous (Plate VII-D) . 
In P.roxburghii, the wood is diffuse porous , with 
pores soli tary to mult iples of 2 to 23 cells (Plate VIII-
B,C). Pores of 2 to 4 cell mult iples are more common. 
Vessels have simple and scalariform perforat ions on their 
end walls (Plate IX-A). Axial parenchyma is abundant , 
scattered and also forming numerous short uniser ia te to 
t r i ser ia te bands between the pores . Rays varying in width 
from uniser ia te to mul t iser ia te occur in t ransverse p lane . 
Fibres are aseptate with simple pits and very thick wal led. 
Rays are heterogenous (Plate IX-D). 
Measurements of the vessel elements has shown that 
their length varies from 300-1270 [xm in A.scholaris, 330-
1100)im in E.officinalis and from 485-1200 p-m in 
P.roxburghii. Similarly radial and tangential d iameters of 
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the vessels are found to vary from 30/30-300/435 |im in 
A.scholaris, 30/45-225/300 \xm in E.officinalis and 16/24-
164/145fa,m in P.roxburghii. A comparat ive analysis of the 
length of vessel elements with their mother ini t ials has 
shown that in A.scholaris, E.officinalis as well as in 
P.roxburghii, the length of vessel elements is less as 
compared to that of fusiform ini t ials (Table 16). 
The macerated fibre elements are elongated s t ructures 
with pointed and tapering ends. They seem to undergo 
apical elongation by means of apical intrusive growth to 
the extent of 1.440 times in A.scholaris, 1.629 times in 
E.offficinalis and 1.167 t imes in P.roxburghii. The 
intrusively grown elements possess newly formed apical 
parts composed of comparat ively thin cel lulose wal ls , 
enclos ing bigger- lumen, rich in cytoplasm contents . They 
vary in length from 450-2190 \\.m. in A.scholaris, 550-
2100|Lim in E.officinalis and from 540-2250|^m in 
P.roxburghii (Table 17). 
Studies of adult wood samples , in t ransverse sect ions 
of the three species invest igated, have revealed the pores 
const i tu te about 18%, axial parenchyma 22%, ray 
parenchyma 32% and sclerenchyma 28% of total 
t ransect ional area of wood in A.scholaris. Like wise in 
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E.officinalis, pores const i tute about 30%, axial 
parenchyma 10%, ray parenchyma 38% and sclerenchyma 
22%. Similarly in case of P.roxburghii, the pores 
const i tute about 24%, axial parenchyma 24%), ray 
parenchyma 33%) and sclerenchyma about 19%). 
O n t o g e n e t i c a l t ernat ions in s e c o n d a r y xy lem 
Analysis of wood in the axes of var ious age group 
trees has shown that the amount of wood increases as the 
tree ages. The structures of wood also undergoes 
considerable variat ions with increasing age of vascular 
cambium. In the presently invest igated species fol lowing 
the length of vessel elements from top towards the base at 
var ious height levels from the ground, the average length 
of vessel elements shows an increasing trend (Tables 18-
20). 
Observat ions recorded on the radial and tangent ia l 
diameters reveal that radial diameter increases from apex 
to base downwards until a maximum is reached and then it 
becomes almost constant in A.scholaris while it shows a 
cont inous increasing trend in E. officinalis. In 
P.roxburghii, radial diameter increases from top towards 
the base and after at taining a maximum it decreases 
(Tables 18-20). No specific trend of var ia t ion in tangent ia l 
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dimensions has been noticed in A.scholaris. In 
E.officinalis, in the beginning, no specific trend of 
variat ion has been found in the tangent ia l diameter of 
vessels , but a significant jump is observed at the base of 
the trunk, but in P.roxburghii, tangent ia l dimension shows 
an increasing trend and attains constancy near the base 
(Tables 18-20) 
The vessels are classified into three types on the 
basis of their lumen size viz. , small ( l -80 |am) medium ( 8 1 -
ISO^m) and large (ISl^im onwards) . Observat ion based on 
the above classif icat ion of vessels in the stem axes of 
different diameters of all the invest igated species show 
than in younger shoots , small type vessels are more 
frequent, while larger type of vessel are dominant in the 
older axis (Fig 7 ). 
In A.scholaris, small pores are more frequent in 
younger shoot and occupy about 55% of total t ransect ional 
area, while medium and large type vessels are found to be 
30% and 15%) respect ively . With the increase in 
circumference of the axis, there is corresponding decrease 
in percentage of small type of vessels and a gradual 
increase in the percentage of large and medium type 
vessels . In the main trunks the number , of large type 
vessels goes as high as 40% of the total count (F ig .7) . 
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In E.officinalis, also, the short type pores are more 
frequent in the younger shoots , occupying 54% of total 
t ransect ional area, while medium and large type of vessels 
are found to be 40% and 6% respect ive ly . The maximum 
frequency of large type of vessels is found in adult trunk 
where they const i tute 4 1 % of total count (Fig. 7) . 
In P.roxburghii also, short type pores are found 
frequently in younger shoots , occupying 4 5 % of total 
t ransect ional area, while medium and large type of vessels 
are found to be 40% and 15 % respect ive ly . The maximum 
frequency of large type of vessels is found in the adult 
trunk, where they const i tute 25% of total count (Fig. 7). 
Observat ions on the xylem fibres also indicate some 
changes in their dimensions with the growing age of the 
tree axis, the mean length of fibres has been found to vary 
from 1158.75-1518.25 |Lim in A.scholaris, from 1051.75-
1461.19|j.m in E.officinalis and from 107 1.75-1322.25|j,m in 
P.roxburghii. Their mean width is found to vary from 
23.60-31.30 | im, 22.50-24.38 |im and 25.35-30.28 | im 
respect ively in the species invest igated (Tables 21-23) . 
The percentage area occupied by the different 
components of xylem in t ransect ions has revealed that they 
differ to a certain extent in different samples col lected 
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from the axes of varying diameter . The vessel area is found 
to vary from 17-22% in A.scholaris 20-30% in E.officinalis 
and 24-30% in P.roxburghii, the minimum being in 
younger shoots in case of E.officinalis and P.roxburghii 
while in A.scholaris the vessel area have not shown any 
signif icant variat ion with age (Fig. 8). Similarly, the 
amount of other components has been found to vary in 
different samples, the axial parenchyma is found varying 
from 20-39% in A.scholaris, 10-20% in E.officinalis and 
20-35% in P.roxburghii, the ray parenchyma varies from 
23-32% in A.scholaris, 26-40% in E.officinalis and from 
18-26% in P.roxburghii (Fig. 8). In A.scholaris, and 
P.roxburghii, the amount of sclerenchyma in xylem 
increases with increasing girth of stem axis, but in 
E.officinalis a decreasing trend has been observed. It 
increases from 18-28% in A.scholaris and from 18-25%) in 
P.roxburghii and decreases from 3 8-22% in E.officinalis 
(Fig. 8) . 
Like their mother init ials in the cambium the xylem 
rays also differ in height and width to an appreciable 
extent . They vary in height from 1-40 cells in A.scholaris, 
1-90 cel ls in E.officinalis and from 1-50 in P.roxburghii 
and in width from 1-4 cells , 1-9 cells and 1-5 cells in the 
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respect ive species. The tall rays are dominant in 
E.officinalis and P.roxburghii and medium in A.scholaris 
(Fig. 9). The rays are found to be invariably mul t i ser ia te 
in older axis in all the three species (Fig. 10). 
In tangential longi tudinal sect ions, the percentage 
area occupied by ray parenchyma varies from 18-32% in 
A.scholaris, 21-42% in E.officinalis and from 22-32% in 
P.roxburghii (Fig. 11). 
Seasona l v a r i a t i o n s in s e c o n d a r y xy lem 
The secondary xylem has been analysed every month 
in order to find out the change in the size of vessel 
elements and xylem fibres produced under different 
weather condi t ions . As far as the length of vessel e lements 
is concerned, it has been found that it varies from 300-
1270|j,m in A.scholaris, from 330-1100 |am in E.officinalis 
and from 485-1200 |im in P.roxburghii (Tables lA-16) 
during a calendar year. 
Data on the radial and tangential diameters of vessel 
elements in A.scholaris have shown that average radial 
diameter ranges from 89.25-146.42 |am and tangent ia l 
diameter from 84.00-163.57 \xm in different months. In 
E.officinalis average radial diameter of the vessel elements 
varies from 97.51-195.00 \x.m and the tangent ia l diameter 
from 71.25-165.75 |j.m and in P.roxburghii it varies from 
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64.65-81.15 [xm and 53.71-66.85|_im respect ively (Tables 
24-26) . 
The dimensional changes in the macerated fiber 
e lements were measured in different months of a calendar 
year. Their mean length has been found to vary from 
1064.75-1538.00 | im in A.scholaris with the minimum 
average length occurring in April and maximum in June 
(Table 27), from 1029.00-1458.50|am in E.officinalis with 
larger elements occurring in June and smaller ones in July 
(Table 28), and from 799.50-1524.50fim in P.roxburghii 
with larger and smaller elements occurr ing in June and 
February respect ively (Table 29) . 
Similarly studies on the width of the fibres have 
revealed that their average size varies from 18.45-
25.64 \xn\ in A.scholaris, from 18.60-25.87|j,m in 
E.officinalis and from 21.98-34.70(j,m in P.roxburghii 
(Tables 27-29) . 
The xylem rays show considerable var ia t ions in their 
height and width as seen in the case of their mother 
in i t ia l s . Anatomical studies of the immediate xylem 
der ivat ives in fortnightly col lect ions have shown that the 
occurrence of type of rays is not much affected by seasonal 
f luctuat ions and do not show and signif icant change in 
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round the year col lec t ions . V^'^-.scholaris, ^^h^i rays are 
more frequent from April to AuguTl anS^in E.officinalis 
their frequent occurrence is noticed in February and July 
while in P.roxburghii they are more frequent in March, 
August and November . The tall rays are frequent in 
August , September, November and December in 
A.scholaris. In E.officinalis tall rays are more frequent in 
Apri l , May, Aug to October and December while in 
P.roxburghii, they occur frequently from December to 
February, Apri l , May, July, September and October 
(Fig. 12). 
Observat ions on ray width has shown that 
mul t iser ia te rays dominate in all the three species and vary 
from 40-54% in A.scholaris, 79-89% in E.officinalis and 
from 50-60% in P.roxburghii, b iser ia te rays vary from 20-
32%, 1-3% and 13-24% in the respect ive species . Similarly 
uniser ia te rays vary from 24-32%, 11-20% and 20-32% 
respect ively in the species invest igated (Fig. 13). 
The est imation of area occupied by ray parenchyma 
cells in tangent ia l plane varies from 28-34% in 
A.scholaris, 32-42% in E.officinalis and 26-36% in 
P.roxburghii in different months of a year (Fig. 14). 
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Monthly col lect ions of the adult wood of selected 
species has revealed that the area occupied by the different 
components of the xylem in the t ransverse plane show 
minor f luctuat ions. The pore area is found to vary from 15-
20%, axial parenchyma from 20-24%, sclerenchyma from 
25-33%) and ray parenchyma from 28-40% in A.scholaris. 
In E.officinalis, the area occupied by the different xylem 
components is est imated and it has been found that vessels 
occupy 28-33%), axial parenchyma 8-13%), sc lerenchyma 
20-26% and ray parenchyma 34-46% of total t ransect ional 
area. Similarly in P.roxburghii vessels occupy 20-25%), 
axial parenchyma 22-29%, sclerenchyma 16-24% and ray 
parenchyma 26-38%) of the total t ransect ional area (Fig. 
15). 
Observat ions on the starch contents of the axial and 
ray parenchyma of A.scholaris has revealed that frequency 
of their occurrence fluctuates with the changing season. It 
has been observed that axial parenchyma cells accumulate 
rich amount of starch in January and February, a moderate 
amount from March to July and in November and 
December , a poor amount from August to October . In ray 
parenchyma, rich amount of starch has been observed only 
in January, moderate amount from February to August , 
poor accumulat ion from September to December (Table 
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30). In E.officinalis, the intensity of starch contents in 
both the systems of wood parenchyma also f luctuates as 
observed in A.scholaris. The axial parenchyma cells 
moderate in starch are found in January, February , Apr i l , 
October and December, poor in March, May, June, 
September and November while in July and August it is 
total ly absent. The ray parenchyma shows moderate 
deposi t ion of starch in January, Apri l , November and 
December , poor accumulat ion in February, March, May, 
June, September and October while it is total ly absent in 
July and August. In P.roxburghii, the axial parenchyma 
shows rich accumulat ion from January to March, modera te 
deposi t ion in June, September, October and December , 
poor deposi t ion in April , May and July, whi le it is total ly 
absent in August and November . The ray parenchyma 
shows a moderate deposit ion from January to March, May 
to July, September and December , poor deposi t ion in 
Apri l , August , October and November (Table 30). 
Observat ion on tanniferous substances in the ray and 
axial parenchyma of the three invest igated species has 
revealed that axial and ray parenchyma cells of A. 
scholaris and P. roxburghii do not accumulate tannins at 
all while in E. officinalis axial parenchyma cells 
accumulate rich deposits of tannins in March, Apr i l , 
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Table 30: S( 
tannins in t 
Months 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
eas( )nal variations (based on 20 samples' in the amount of starch and 
le xylem of selected species during 1999. 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
S 
T 
Alstonia Scholaris 
Parenchyma 
Axial 
+++ 
— 
+++ 
— 
++ 
— 
++ 
— 
++ 
— 
++ 
— 
++ 
— 
+ 
— 
+ 
— 
+ 
— 
++ 
— 
++ 
Ray 
+++ 
— 
++ 
— 
++ 
— 
++ 
— 
++ 
— 
++ 
— 
++ 
— 
++ 
— 
+ 
— 
+ 
— 
+ 
+ 
— 
Emblica officinalis 
Parenchyma 
Axial 
++ 
+ 
++ 
+ 
+ 
+++ 
++ 
+++ 
+ 
++ 
+ 
++ 
— 
++ 
— 
++ 
+ 
+++ 
++ 
++ 
+ 
+++ 
++ 
+++ 
Ray 
++ 
++ 
+ 
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+ 
+++ 
++ 
+++ 
+• 
++ 
+ 
++ 
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++ 
— 
++ 
+ 
+++ 
+ 
++ 
++ 
+++ 
++ 
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Putranjiva roxburghii 
Parenchyma 
Axial 
+++ 
— 
+++ 
— 
+++ 
— 
+ 
— 
+ 
— 
++ 
— 
+ 
— 
— 
— 
++ 
— 
++ 
— 
— 
— 
++ 
— 
Ray 
++ 
— 
++ 
— 
++ 
— 
+ 
— 
++ 
— 
++ 
— 
4-4-
— 
4-
— 
4-4-
— 
4-
— 
4-
— 
4-4-
— 
— = absent += poor 
S = Starch 
T = Tannins 
= Moderate +++ = rich 
September, November and December, moderate deposi ts 
occur in May to August and October. The ray parenchyma 
cells contain tannins in most of the months but to a 
varying degree They show rich amounts of tannins in the 
months of March, April , September, November and 
December, moderate deposits of tannins are found in 
January, February, from May to August and October 
(Table 30). 
S t r u c t u r e of s e c o n d a r y ph loem 
The outer appearance of stem differ in different 
species and the type of bark is used in many cases as a 
taxonomic character . These differences resul ts from the 
pattern of growth of the periderm, the s t ruc ture of the 
phellem and the nature and amount of t i ssues that are 
separated by periderm from the stem (Fahn 1982). 
In the present study, the term bark is used inclusive 
of all t issues outside the vascular cambium. In the younger 
shoots , the bark const i tu tes , different phloem components , 
* 
the per icycle , the endodermis , the cortex and the 
epidermis , while in the adult trunk, the secondary phloem 
and the periderm. Externally the bark of the older regions 
of the plant axis of A.scholaris is brownish grey, fissured 
and yellow inside and exudes a milky ju i ce when injured. 
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In E.officinalis, bark is smooth, l ight grey or greenish 
peel ing off in small irregular patches , red inside, and in P. 
roxhurghii, bark is grey in colour. In ternal ly , it consis ts 
of two dist inct zones viz. , the phloem and the per iderm in 
all the species invest igated. 
Phloem can further be separated into funct ioning and 
non-funct ioning phloem. There are two systems in the 
functioning and non functioning phloem, the ver t ical and 
horizontal systems. The principal components of the 
vert ical system of the functioning or conduct ing phloem 
are the sieve elements accompanied by companion cel ls , 
the axial parenchyma and sc lerenchyma, whi le the 
horizontal system comprises of phloem rays . In the non 
conduct ing phloem, the sieve tubes no longer serve as 
conduct ing elements due to presence of thick layers of 
cal lose , which covers the sieve areas and sieve p la tes , the 
dis integrat ion of the protoplasm and crushing of the 
elements (Plates X-A,B,D,E) . In A. Scholaris on the outer 
periphery of the non-conduct ing phloem, at a dis tance of 
approximately 2200-2500mm away from the vascular 
cambium, fascicles of brachysclere id type of cells 
different ia te . Some of them contain rhomboidal calcium 
oxalate crys ta ls . These cells have dis t inct l ignified 
secondary wall but it remains thin as compared to the 
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typical brachysclereid (Plate X-A). Lat ic i ferous cells of 
varying shape and size are found mostly in the non-
conduct ing part of the bark. In E.officinalis, sc lerenchyma 
develops in non-conduct ing phloem without any specific 
mode of arrangement . Sometimes, sc le renchymatous cells 
form small groups and on some places arranged radial ly in 
a l ine. Some of the sclerenchymatous cells do occur 
soli tary but their percentage is rare and appears to 
const i tute only 2-4% of the cross-sec t ional area. 
Sclerenchymatous system is represented by both fibres and 
brachsc lere ids . In p. roxburghii, phloem fibres are found 
soli tary as well as in groups of various d imensions and do 
not follow any specific mode of ar rangement in the 
secondary phloem. On the extreme per iphery of the non 
conduct ing phloem, the phloem rays are found 
significantly dilated (Plates XI-E,XIII -D) and groups of 
brachysclere ids of various dimensions are found in di lated 
regions of the rays. The brachysclereids are also found on 
other p laces , away from the dilated rays forming scat tered 
groups in the secondary phloem. However, the frequency of 
occurrence of such groups of brachysclere ids is much 
higher in non conduct ing region of secondary phloem. 
The dimensional var ia t ions of s ieve- tube members 
and phloem fibres has been studied in the conduct ing 
60 
phloem situated next to cambium. The s ieve- tube members 
are found to vary in length from 150-825|a.m in A.scholaris, 
from 285-795 |im in E.officinalis and from 400-980 \xm in 
P.roxburghii (Table 31). The radial and tangent ia l 
diameters of the sieve tube members have been found to 
vary from 10/10-52/40 |j,m in A.scholaris, from 12/14-
46/46 \im in E.officinalis and from 12/14-30/40 |j,m in 
P.roxburghii (Table 3 1). The s ieve- tube members are 
arranged in l inear order to form long tubular pa thways for 
the t rans locat ion of synthesized but soluble mater ia ls to 
the places of active growth or regions of s torage in all the 
three species (Plates X-E, XII-C) . The end walls of the 
s ieve-tube members are slightly obl ique to t ransverse and 
possess simple sieve plates in A. scholaris In E.officinalis 
and P. roxburghii, sieve plates are found to be compound 
and obl ique. Lateral sieve areas are also found on the sieve 
tube members through which lateral communicat ion is 
maintained with contiguous elements (Plate XI-C) . Each 
s ieve-tube member is found to have general ly one 
companion cell in the invest igated species . 
In conduct ing and non conduct ing phloem, the 
measurements of ray and axial parenchyma have shown that 
they are smaller in the conduct ing than in non conduct ing 
phloem. Their radial as well as tangent ia l d iameter is 
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found to be higher in non conduct ing phloem than in the 
conduct ing one in A. scholaris and P. roxburghii, but in 
E.officinalis radial and tangent ial diameter is higher in 
conduct ing phloem than in non-conduct ing one. (Table 32) 
In tangential sect ions the conduct ing phloem rays 
have been analysed and found that they vary in height from 
1-38 cells in A.scholaris from 1-60 cells in E.officinalis 
and from 1-48 cells in P.roxburghii while their width 
varies from 1-5 cells , 1-9 cells and 1-6 cells respec t ive ly . 
Analysis of the relat ive frequency of short, medium and 
tall rays has indicated that 2 1 % short rays occur in 
A.scholaris, 10% in E.officinalis and 19% in P.roxburghii, 
the medium rays const i tute about 50%), 50% and 9%, and 
tall rays const i tute about 29%,85%) and 12% in the 
respect ive species . Similarly the frequency of uni , bi and 
mul t iser ia te rays has been analysed and found that in 
A.scholaris about 27% rays are uniser ia te , 30%) biser ia te 
and 4 3 % mult iser ia te ; in E.officinalis about 2 3 % are 
uniser ia te , 2% biseriate and 75% mult iser ia te and in 
P.roxburghii about 23%) rays are uniser ia te , \2% b iser ia te 
and 65% mul t i ser ia te . A similar analysis of non conduct ing 
phloem has revealed that the short rays const i tu te about 
2 3 % in A.scholaris, 12% in E.officinalis and 22% in 
P.roxburghii of the total count in a unit area. The medium 
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rays are observed to be 45%, 6% and 17%, while tall rays 
const i tu te about 32%, 82% and 6\% in the respect ive 
species . Similarly, the relat ive abundance of uni , bi and 
mul t iser ia te rays has been analysed per unit area and it is 
found that in A.scholaris uniser iate rays const i tu te about 
16%), b iser ia te 45%) and mult iser ia te about 39%), while in 
E.officinalis and P.roxburghii uniser ia te rays are found to 
be 0% and 16%, biseriate rays 2% and 11% and 
mul t i sera i te 98% and 73%) respect ively . 
Tangent ia l sections of bark samples as well as 
macerated fibres, reveal that the bark fibres are of 
l ibriform type and aseptate . Their morphology and 
his tochemical react ions to phloroglucinol and safranin 
indicate that they undergo secondary phase of their 
differentiat ion after the first phase of matura t ion . The 
intrusively grown apical parts usually possess 
comparat ively bigger lumen and are rich in cytoplasmic 
contents . 
The phloem fibers of conduct ing as well as non 
conduct ing phloem have been analysed and they have been 
found to vary in length from 450-1845 |Lim in E.officinalis 
and 570-2400 [im in P.roxburghii and in width from 14-
37 )im and 16-40 \x.m respect ively (Table 31). The 
63 
conduct ing as well as non-conduct ing phloem of 
A.scholaris is found totally lacking sc le renchymatous 
fibres. A comparat ive analysis of fibre length and of the 
fusiform init ials has shown that the former has grown 
about 1.458 and 1.184 times over the length of fusiform 
ini t ials in E.officinalis and P.roxburghii respect ive ly 
(Table 33). 
Studies on the conduct ing phloem of all the three 
species have revealed that the sieve elements occupy about 
36% in A.scholaris 29% in E.officinalis and 24% in 
P.roxburghii, the axial parenchyma 30%, 3 3 % and 25%); 
the ray parenchyma 34%, 36%) and 32% and sc lerenchyma 
0%, 2%) and 19% of the total t ransect ional area. The rays 
are found to occupy 32%), 26% and 29% of total tangent ia l 
area in A.scholaris, E.officinalis and P.roxburghii 
respect ively , while the rest is occupied by axial e lements . 
Similar analysis of the non-conduct ing phloem has 
revealed that the rays occupy about 37%o, 66% and 38%) of 
the total tangential area in A.scholaris, E.officinalis and 
P.roxburghii, respect ively . 
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The dimensional changes of the phloem have been 
analysed in the axes of different girth from the same t ree . 
The sieve-tube members along with other components of 
the conduct ing phloem are found varying with girth of the 
axes. The length of s ieve-tube members is found to 
increase with the increase in stem girth in A.scholaris. In 
E.officinalis, the length of sieve tubes first increases with 
increase in the stem girth, declines for a short while and 
again increases near the base. In P.roxburghii, the length 
of s ieve-tube members first increases with increase of 
girth of stem axis and then declines at the basal region of 
the axis . The average size of s ieve-tube members found in 
the current year shoots is measured upto 339.75 [im in 
A.scholaris, 407.50 |Lim in E.officinalis and 651.00 \xm. in 
P.roxburghii while their size in adult t runks is measured 
upto 385.50 |Lim, 567.25 |um and 691.49 jim respec t ive ly . 
(Tables 34-36) . 
Studies on lumen size of s ieve-tube members have 
shown that the radial diameter of the s ieve- tube members 
also increases with the increasing diameter of the axis with 
some minor f luctuat ions, while tangent ia l diameter does 
not show any specific trend of variat ion in all the species 
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invest igated. The average radial and tangent ia l diameter 
are measured 21.50/23.41 |im in A.scholaris, 21 .30/27.55 
(im in E.officinalis and 16.82/23.18 |J.m in P.roxburghii in 
current year shoots . In the older axes the radial d iameter 
exceeds the tangential one in A.scholaris (Table 34) but in 
P.roxburghii the tangent ial one exceeds the radial diameter 
(Table 36). In E.officinalis, s ieve-tube members appear to 
be spherical in t ransect ional plane since the radial and 
tangential diameters are equal in size (Table 35) . A 
corresponding increase in the lumen size of s ieve- tube 
member is noticed with the increase in the girth of the axes 
in all the three species invest igated. Thus narrow sieve-
tube members are found in current year shoots . 
Like their mother ini t ia ls , the phloem rays differ in 
height and width with the age of the stem axis . They are 
found to vary in height from 1-34 cells in A.scholaris, 
1-86 cells in E.officinalis and from 1-45 cells in 
P.roxburghii while in width they vary from 1-4, 1-8 and 
1-5 cells respect ively . Occurrence of short , medium and 
tall rays and uniser ia te , biser iate and mul t i sera i te type of 
rays were analysed on similar lines as it was done in case 
of cambium and xylem. It has been found that in 
A.scholaris, short, medium and tall rays occupy 40%, 40% 
and 20% in tangential area, while in E.officinalis short , 
66 
medium and tall rays occupy 1 1 % , 5% and 84% and in 
P.roxburghii, they occupy 25%, 18% and 57% respect ive ly 
(Fig. 16). 
The mult iser ia te rays are more common in older 
trunks than in younger shoots in P.roxburghii but in 
A.scholaris and E.officinalis they are comparat ively more 
common in younger shoots (Fig. 17). 
Observat ions on phloem fibres indicate that their 
dimensions also vary with the advancing age of the plant . 
Average length and width of phloem fibres has been found 
to vary from 783.00-11 35.50 | im/ l 9 .89-23.30| im in 
E.officinalis and from 1 1 64.75-1346.25| im /25 .38-27.80fim 
in P.roxburghii (Tables 37 & 38). 
Samples of conduct ing phloem taken from the axes of 
varying girth have shown that they differ in their 
components to some extent in the different samples . In 
t ransverse plane, the s ieve-tube area is not iced to vary 
from 26-38% in A.scholaris, 25-34% in E.officinalis and 
22-29%) in P.roxburghii; the axial parenchyma from 2 1 -
28%, 10-50% and 24-28%, the ray parenchyma from 34-
5 1 % , 24-33% and 20-33% in the respect ive species . The 
amount of sclerenchyma varies from 0-2% in E.officinalis 
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and from 17-22% in P.roxburghii while in A.scholaris 
conduct ing phloem is non-sc lerenchymatous (Fig. 18). 
In all the three species invest igated, it has been 
found that the amount of sieve tubes and axial parenchyma 
increases with increase in the diameter of the axis , whi le a 
reverse trend has been noticed in case of ray parenchyma 
as they exhibit a declining trend in all the three species 
invest igated. 
Similar analysis of the t ransect ions of the non 
conduct ing phloem has shown that they differ in their 
components to some extent in the different samples . The 
amount of sclerenchyma is found varying 2-7% in 
E.officinalis and 21-25% in P.roxburghii. The amount of 
ray and axial parenchyma is found varying from 53-
60%/40-47% in A.scholaris, 48-55%/40-48% in 
E.officinalis and from 3 0-3 5%)/42-46% in P.roxburghii. A 
comparat ive study reveals that propor t ional d is t r ibut ion of 
such components do not exhibi t any signif icant trend (Fig. 
19). 
In tangent ial longitudinal plane, the percentage area~ 
occupied by ray parenchyma in conduct ing phloem varies 
from 20-28% in A.scholaris 18-27% in E.officinalis and 
22-36%) in P.roxburghii showing an increasing trend in the 
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area with the increase in the diameter of the axis , while in 
the non-conduct ing phloem, it varies from 30-40%, 4 0 - 7 1 % 
and 34- 4 1 % respect ively (Fig. 20). 
S e a s o n a l c h a n g e s in s e c o n d a r y ph loem 
To study the s tructural var ia t ions in the size of s ieve-
tube members , schlerenchyma, axial and ray parenchyma 
produced under different weather condi t ions , the var ious 
components of the conduct ing phloem have been analysed 
in the monthly col lect ions of a calendar year. The average 
length of s ieve-tube members has been found to vary from 
341.25-455.50 fim in A.scholaris, All.50-515.25 |im in 
E.officinalis and 631.50-709.50|j.m in P.roxburghii. The 
average radial and tangent ia l diameters vary from 
17.37/13.43-28.24/21.73 ^m in A.scholaris, 18 .29/23.60-
29.30/28.48 \xm in E.officinalis and 17.50/22.57-
25.78/29.05 i^m in P.roxburghii (Tables 39-41) . The longer 
e lements are found to be more frequent in Apri l , August , 
October and November and short ones in the rest of the 
months in A.scholaris. In E.officinalis, longer e lements are 
found in June, July, September, October and November 
and in P.roxburghii, longer elements are found more 
frequent in July, and shorter ones in rest of the months . 
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Observat ions recorded on phloem fibres have shown 
that the fibre elements experience minor var ia t ions in 
different seasons. They are found to vary in length from 
450-1845nm in E.officinalis and from 570-2400 |j,m in 
P.roxburghii, with an average varying from 1020.95-
1373.50 i^ m and 1038.75-1509.00 \xm in E.officinalis and 
P.roxburghii respect ively . Width measurements have also 
revealed that it varies in average from 20.40-26.20 ^im in 
E.officinalis and from 22.19-33.51 |j,m in P.roxburghii 
(Tables 42&43). Thus the data obtained in this regard 
indicate that longer elements are more frequent in July and 
August in E.officinalis and in June, August , and November 
in P.roxburghii, while short ones in the rest of the months . 
Studies on the accumulat ion of starch and tanniferous 
substances in the conduct ing phloem has revealed that 
tannins are absent in A.scholaris and P.roxburghii but 
heavy deposits of tannins are noticed in case of 
E.officinalis. In all the three species invest igated, the cells 
indicate comparat ively poor accumulat ion of s tarch during 
active phase of cambium as compared to the inact ive phase 
(Table 44). 
Similar studies on starch contents in both the ray and 
axial parenchyma of non-conduct ing phloem have revealed 
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Table 44: Seasonal variations (based on 20 samples) in the amount of starch and 
tannins in the conducting phloem of selected species during 1999. 
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that the frequency of accumulat ion var ies in different 
months of a year in all the species . However , they do not 
exactly follow the ray and axial parenchyma cells of 
conduct ing phloem. Both A.scholaris and P.roxburghii do 
not accumulate tannins in non-conduct ing phloem, but 
E.officinalis contains heavy deposits of tannins during 
dormant phase of vascular cambium as it happens in 
conduct ing phloem. More or less s imilar trend of 
deposi t ion of starch has been noticed in the non-
conducting phloem as it has been observed in conduct ing 
phloem with the exception of ray parenchyma in 
A.scholaris where heavy deposi ts of s tarch are found 
during active period of cambial activity (Table 45) . 
The phloem rays have been found to vary in height 
and width in the conducting as well as non-conduct ing 
phloem of all the species invest igated. Studies of the 
immediate phloic derivat ives in fortnightly col lec t ions has 
revealed that short rays vary from 18-24% in A.scholaris, 
7-13% in E.officinalis and 14-25% in P.roxburghii, the 
medium ones from 45-60%, 2-10% and 6 - 1 1 % , and tall 
ones from 22-35%, 7 8 - 9 1 % and 68-78% respect ive ly (Fig. 
21). Similar variat ions are noticed in their width. The 
uniser ia te rays are found to vary from 18-40%) in 
A.scholaris, 19-29% in E.officinalis and 18-26% in 
71 
Table 45: Seasonal variations (based on 20 samples) in the amount of starch and 
tannins in the non conducting phloem of selected species during 1999. 
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P.roxburghii, the biser ia te from 25-36%, 1-3% and 9-17%, 
the mult iser ia te ones from 28-52%, 69-79% and 59-72% 
respect ively (Fig. 22). 
In A.scholaris, short rays occur more frequently in 
Apri l , May, July to September and November , medium rays 
in February, April and September and tall rays in January, 
June and October . In E.officinalis, the short rays occur 
more frequently in April and September, medium rays in 
June and tall ones in January, February, May, September 
and November (Fig. 21). As far as uni, bi and mul t i ser ia te 
rays are concerned, they are dominated by mul t i se r ia te 
rays in month of February and March in A.scholaris, 
mult iser ia te rays in month of March, April and September 
in E. officinalis and mul t iser ia te rays in the month of Apri l 
and October in P.roxburghii (Fig. 22) . Almost a s imilar 
trend of variat ion has been noticed in non conduct ing 
phloem of the invest igated species . Here the percentage of 
mul t iser ia te ray is higher as compared to b iser ia te and 
uniser ia te rays in E.officinalis and P.roxburghii and varies 
from 96-100% mul t i ser ia te , 2-4%, b iser ia te in E.officinalis 
and from 67-78% mul t i ser ia te , 8-15% biser ia te and 10 -21% 
uniser ia te in P.roxburghii. In E.officinalis, uniser ia te rays 
are totally absent . In A.scholaris, the percentage of 
biser ia te rays is higher as compared to uniser ia te and 
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mult iser ia te ones and vary from 40-50%, 10-22% and 32-
45% respect ively (Fig. 23 and 24). 
Analysis of different components of conduct ing 
phloem in round the year col lect ions has revealed that the 
s ieve-tube area varies from 34-39% in A.scholaris, 25-34%) 
in E.officinalis and 21-29% in P.roxburghii, the 
sclerenchyma from 0-2%, in E.officinalis and 16-22% in 
P.roxburghii. The axial parenchyma from 27 -33% in 
A.scholaris, 2 8 - 4 1 % in E.officinalis and 21-28% in 
P.roxburghii (Fig. 25). The maximum t ransect ional sieve 
tube area has been found in August in A.scholaris, in 
March and September in E.officinalis and September in 
P. roxburghii. 
Similar analysis of the different components of non-
conduct ing phloem, in round the year col lect ion, has 
revealed that the sclerenchymatous area varies from 5-
11% in E.officinalis and 18-28% in P.roxburghii, the axial 
parenchyma from 38-48%, 33-50% and 39-50% and the ray 
parenchyma from 52-62%, 47-58% and 3 0-3 8% in 
A.scholaris, E.officinalis and P.roxburghii respect ively 
(Fig. 26). 
In tangent ia l plane, the area occupied by rays in the 
conduct ing phloem varies from 30-36%) in A.scholaris, 2 3 -
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30% in E.officinalis and 24-32% in P.roxburghii (Fig. 27) . 
A similar analysis of rays in the non conduct ing phloem 
has shown the area occupied by ray cells vary from 34-
40%, 58-75% and 34-42% in A.scholaris, E.officinalis and 
P.roxburghii respect ively (Fig. 27). A comparat ive 
analysis of the area occupied by rays in round the year 
col lect ions of conduct ing and non-conduct ing phloem has 
revealed that there is an increase of 13% of ray area in the 
non-conduct ing phloem in A.scholaris, 40% in E.officinalis 
and 3 3 % in P.roxburghii (Fig. 27) . 
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P e r i o d i c i t y of cambium 
In all the three species invest igated, the vascular 
cambium experiences definite per iods of act ivi ty and 
dormancy during a calendar year. During the act ive period 
the fusiform cambia l -ce l l s are found re la t ively thin and 
having nearly smooth radial walls due to absence of 
thickened areas, al ternat ing with the primary pit fields 
(Plate I-C). Sometimes the radial wall show beaded 
s t ructure during the active per iod but it is not so 
prominent as in the inactive per iod. During the active 
period, the cambial zone, takes light stain due the absence 
of coloured contents and loss of chromat ic i ty of 
protoplasm. During the inactive per iod, the cambial zone is 
represented by a narrow zone of tangent ia l ly flattened 
cells and made up of 3 to 7 layers in A.scholaris, 2 to 8 
layers in E.officinalis and 2 to 6 layers in P.roxburghii 
(Plates XIV-A, XV-A, XVIII-A) . During the res t ing period, 
the radial walls of cambial cells are found to be 
comparat ively thicker than that of active per iod. The radial 
walls show prominent beads during this period in the 
tangential view due to presence of a l ternately th ickened 
areas and the deeply depressed primary pit f ields, through 
which they communicate by plasmodesmata connect ions 
with the cont iguous e lements . Protoplasmic contents as 
75 
well as the nucleus become relat ively dense during the 
inactive per iod. Starch is found accumulat ing more in the 
ray ini t ials during the dormant phase in all the three 
species . In E.officinalis, heavy deposi t ion of tannins are 
noticed in ray init ials during dormancy. 
In all the three species , the vascular cambium, after 
exper iencing a definite period of dormancy, undergo 
act ivat ion once in a year. The sign of act ivi ty appears in 
June in A.scholaris, In April in E.officinalis and in May in 
p. roxburghii. The cells in the cambial zone undergo radial 
expansion in late June in A.scholaris, late April in 
E.officinalis and in late May in P.roxburghii. As a result 
of this enlargement the cambial zone swells up from 80 to 
120)im in A.scholaris 35 to 76 in E.officinalis and from 29 
to 40^m in P.roxburghii (Plate XIV-C, D, XV-B, XVIII -C) . 
The cells start dividing in A.scholaris in early July 
which causes an increase in layers of cells from 5-12. In 
E.officinalis, the cambial cell division starts in early May 
increasing the number of cambial layers from 5-10 while in 
P.roxburghii the cell division in cambium starts in early 
June, causing an increase in number of layers from 4-9. In 
A.scholaris, the newly produced der ivat ives first 
differentiate into xylary elements in the month of July as a 
result of which about 130iJ.m of xylem in added to the plant 
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axis . In E.officinalis, the l^M^ly p r o d u c e d ' t ^ r i v a t i v e s 
differentiate into xylary - as- well ^ as~-'-phloic- elements 
s imultaneously in the month of May adding about 330|j.m 
phloem and about 40[j,m xylem to the plant axis . In 
P.roxburghii, the newly produced derivat ives different ia te 
first into xylary elements in the month of June adding 
about 170|j.m xylem. 
Out of newly produced cambial der iva t ives , the 
phloem production is observed in the month of August and 
September while xylem product ion observed from July to 
October in all the 3 years of invest igat ion in A.scholaris. 
In E. officinalis, the phloem product ion is observed only in 
the month of May and about 315|j,m precursor phloem 
forms in the month of February. In this species , the xylem 
product ion is noticed in the months of May, June, July, 
August and September of which the bulk is produced in 
July, August and September. In P. roxburghii, the phloem 
product ion is observed in the months of July, September 
and October, while xylem product ion is not iced in June, 
July and August (Fig. 28-30) . 
The cambium becomes dormant during November in 
A.scholaris. In E.officinalis dormancy is a t ta ined in 
October, while in P.roxburghii in the month of November . 
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Ffg. 28: Production ofCambial derivatives in Aistonia sctioiaris. 
I " ' I I ' • — I ' " — I — 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
DR.H. In % 03 Temp, in C • Production in % 
Fig. 29: Production of Cambial derivatives in Emblica officinalis. 
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Fig. 30: Production of Cambial derivatives in Putranjiva roxburghii. 
Thus, during the three calender years 1998, 1999 and 
2000, the - total—amount--of 'Xylem- produced—varied • from ' 
1727-1800|j,m with an average xylem product ion being 
1757|j.m in A.scholaris, from 1 07 1 -1 080)j,m with an average 
of 1077 {im xylem being produced in E.officinalis and 
from 845-900|im with an average of 871^,m being produced 
in P. roxburghii. Similarly the product ion of phloem 
varied from 380-415)j,m, 607-645}im and 355-415)j.m with 
an average phloem product ion being 396)a,m, 624nm and 
3 90fj.m in A.scholaris, E. officinalis and P. roxburghii 
respect ive ly . 
L o n g e v i t y of Ph loem 
As aforesaid, the vascular cambium of A.scholaris 
becomes active in June, E.officinalis in April and 
P.roxburghii in May. But in E.officinalis, well before the 
commencement of cambial act ivi ty , a few layers of new 
phloem come into existence in the month of February. This 
part of phloem, the precursor type, appears to have 
developed from the outer der ivat ives of the cambium, 
which is produced at the inact ivat ion of last growth season 
and remained in less differentiated or undifferent iated 
form. The precursor phloem which is produced in the 
month of February amounts to about 315|j,m in E.officinalis 
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and the current year phloem measures about 330|j,m in 
depth whici i_js produce.d i n . the month-of—May.- The-
precursor phloem becomes non functional in May when the 
current year phloem is produced. Thus the precursor 
phloem functions only for about 3 months . Out of the 
current year phloem of 330|j,m, only about 60|_im remains 
functional upto January i.e. , for about 8 months and the 
rest goes non functional . The accumulat ion of cal lose on 
sieve pores as well as lateral walls of sieve elements 
renders them to go non functional (Plate X-D,E) . 
In A.scholaris, the phloem differentiat ion occurs only 
once during a calendar year i .e. , in the months of August 
and September. In this species , no precursor phloem 
formation takes place (Fig. 31). The amount of phloem 
produced during a calendar year is about 396 ^im, which is 
added in the months of August (180-200nm) and September 
(195-225nm) . A narrow strip of about 70fim phloem 
produced in September remains active till coming August 
and the rest goes inact ive due to deposit ion of cal lose on 
sieve pores and sieve areas. Thus the longevity of phloem 
extends upto 11 months in this species . 
In P.roxburghii, the phloem product ion occurs twice 
in a year, the first addit ion being in July, and the second 
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addit ion in September and October. No precursor phloem 
formation occurs in this species . The total amount of 
phloem added d u r i n g - a calendar year is about 390ju,m, 
added in the months of July (170-190|j,m), September (50-
70|im) and October (175-185 | im) . In this species , a narrow 
strip of about 75fj.m phloem produced in October remains 
active upto July for about 9 months i .e. , from October to 
July showing longevity of about 9 months and about 40|im 
out of the total phloem produced in July remains functional 
upto September when second addit ion of phloem takes 
p lace , thus showing longevity of about 2 months . 
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DISCUSSION 
V a s c u l a r c a m b i u m 
Sanio (1863) happens to be the first botanist to recognize 
cambium as a lateral meristem. The term cambium owes its 
origin to Grew (1682). Its cellular make-up and nature has 
been elaborated by the German botanists of the past . Hartig, 
(1853) envisaged the cambial cylinder to be biser ia te , the 
outer layer of the initials giving rise to phloem and the inner 
one to xylem. This concept of double init ials was soon 
replaced by the concept of uniseriate cambial ini t ials (Sanio, 
1873; Mischke, 1890; Schoute, 1902). De-Bary (1884) 
considered the cambium to consist of (i) a single init ial layer 
and (ii) the layers of t issue mother cells both on the wood side 
as well as on the bast side, the initials being responsible for 
the production of the mother cells . This view advocated 
mainly by Bailey (1923) and Bannan (1955, 1957, 1962, 1968) 
has been adopted by most subsequent workers (Esau, 1948; 
Evert , 1963a; Evert and Despande, 1970; Kozlowski , 1971; 
Steeves and Sussex, 1972; Ghouse and Yunus, 1973; 
Butterfield, 1975; Ghouse and Hashmi, 1977; Khan et al., 
1983; Iqbal and Ghouse, 1985a). 
However, despite the difficulty in dis t inguishing the 
actual init ials in actively dividing cambial zone, many workers 
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(Romberger, 1963; Philipson and Ward, 1965; Wilson et al., 
1966; Mahmood, 1968; Wilson and Howard, 1968; Morey, 
1973; Schmid, 1976; Fahn, 1982) restrict the use of term 
cambium to initials only which form a layer between the 
actively dividing phloem and xylem cells . Raatz (1892) gave 
the view of a mult iseriate cambium where all the cells are 
thought to be equally endowed with mult ipl icat ion capacity. 
This view adopted by Kleinmann (1923), Cockerham (1930) 
Artschwager (1950), Ladefoged (1952) and Wilson (1964) , has 
been strongly supported by Catesson (1964, 1974). She defined 
the cambial zone as those cell layers which are character ized 
with the greatest RNA content, most abundant mitosis and are 
dis t inguished in transections by radially narrow cells with thin 
wal ls . In the present study, the term cambium/cambial zone 
applies to the entire region of t issue generation that includes 
the xylem and phloem mother cells in addition to the ini t iat ing 
layer. 
Elongated fusiform initials and roughly isodiametr ic ray 
ini t ials consti tute the vascular cambium. Bailey (1923) has 
recognized the basic patterns of cambial s tructure on the basis 
of the arrangement of different ini t ials . In one of them, the 
fusiform initials occurs in horizontal tiers with the ends of 
cells appearing approximately at the same level in a given tier, 
and in the other, end walls of adjacent init ials overlap to a 
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considerable extent. The first one is known as stratif ied 
cambium and the later one as non-strat if ied cambium. 
According to Bailey (1923), the stratified cambium is 
phylogenet ical ly advanced. Other workers of similar opinions 
are Eames and MacDaniels , 1947; Metcalfe and Chalk, 1950; 
Barghoorn, 1964; Esau, 1965; Ghouse and Yunus, 1974a and 
Fahn, 1982. In the presently invest igated species, the vascular 
cambium is found non-stratif ied as it has been reported in case 
of Acacia nilotica and Prosopis spicigera L. ( Iqbal , 1975), 
Psidium guajava (Khan, 1977), Callistemon citrinus, 
Eucalyptus maculata and Eugenia jambolana (Khan, 1980), 
Ficus infectoria and F.religiosa (Siddiqui , 1983), Sterbulus 
asper (Ajmal 1985), Bauhinia purpurea and B.variegata 
(Kafeel 1986). Thus, the presently invest igated species may be 
said to be phylogenet ical ly primit ive as they depict a non-
stratified structure of cambium. 
Bailey (1923) found that the fusiform initials vary from 
220-5800| im among gymnosperms, from 170-410)j,m and 460-
4400 |j.m among dicotyledons showing stratified and non-
stratified cambium respect ively. The range of the fusiform 
initial length i.e. 530-1290 |im in A.scholaris, 225-1200 |im in 
E.officinalis and 85 5-1325 |im in P.roxburghii falls within the 
limits of Bailey's observations for non-stratif ied cambium. 
However, Ghouse and Iqbal (1975) in some arid zone species 
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of Acacia and prosopis, Ghouse and Hashmi (1977) in some 
Indian tropical t rees, Ghouse et al., (1980) in some 
Verbenaceae, Khan (1980) in certain Myrataceae, Bartwal et 
al., (1983) in some Indian fruit trees have found the length of 
fusiform initials to fall shorter than the Bailey 's (1923) 
reported limit for non-stratified cambium. Cumbie and Billy 
(1983) has also found that in Bocconia vulcanica, the vascular 
cambium is non stratified with fusiform init ials averaging 
282nm in length. 
As far as the three species invest igated in the present 
research are concerned, all were found to possess long 
fusiform ini t ia ls . Taking into considerat ion, the size of 
fusiform init ials as a criterion for phylogenet ic advancement, 
obviously all the three species come under pr imit ive category. 
The long size of fusiform initials of A.scholaris, E.officinalis 
and P.roxburghii is coupled with similar features of certain 
bark and wood elements such as s ieve-tube elements and 
vessel elements and goes in confirmation with the earlier 
findings of Khan (1980). 
During different seasons, the anatomical variat ions that 
cambium experiences, have been analysed by a number of 
workers (Eames and Mac Daneils , 1947; Buvat, 1956; Evert, 
1963a; Esau, 1965; Srivastava and O'Brien, 1966; Mahmood, 
1968; Robards and Kidwai, 1969; Paliwal and Prasad, 1970; 
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Murmanis , 1971; Paliwal et al., 1975; Yunus, 1976; Hashmi, 
1977; Khan, 1977; Iqbal 1979; Khan, 1980; Dave and Rao, 
1982a; Siddiqui, 1983; Ajmal, 1985; Rao and Dave, 1986; 
Kafeel , 1986; Iqbal, 1989; Venugopal and Krishnamurthy, 
1989, 1994). 
The radial walls of fusiform initials generally become 
thicker or beaded than the tangential walls , specially during 
the inactive period and the deeply depressed pit fields are also 
visible in tangential longitudinal view. Similar observations 
have been recorded in all the tree species present ly 
invest igated. 
Earl ier workers have reported periodic anticlinal and 
per ic l inal divisions in the cambial init ials (Bailey, 1919, 
1923; Eames and MacDaneils , 1947; Bannan, 1956; Esau, 
1965; Ghouse and Yunus, 1973; Fahn, 1982; Rao and Dave, 
1986; Han and Woong, 1991). Cambial populat ion is being 
added by the anticl inal divisions while the pericl inal ones 
increase the number of cambial derivatives producing new 
phloem and xylem elements. Two fundamental types of 
anticl inal divisions have been recognized by Bailey (1923) in 
the different vascular plants . In one type, the anticl inal 
division takes place in a radial longitudinal plane while in 
other pseudotransverse wall formation occurs running oblique 
and intersect ing the two radial walls at two different levels 
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(Phil ipson and Ward, 1965; Phil ipson et al., 1971; Khan, 
1977; Iqbal , 1979; Khan, 1980; Siddiqui, 1983; Zagoska-
Marek, B, 1984; Ajmal, 1985; Kafeel, 1986; Han and Woong 
1991; Venugopal and Krishnamurthy, 1994). In the present 
study, cambial initials have been noted to be pseudotransverse . 
The pseudotransverse wall observed in the present study varies 
in length from short to long in all the three species, sometimes 
almost extending from one end of the cell to the other, as it 
has been reported by Hashmi (1977) in case of Delonix regia, 
Iqbal (1979) in some arid zone species. Khan (1980) in some 
Myrtaceae and Siddiqui (1983) in some Moraceae. 
The work on ray init ials has been carried out in detail by 
Barghoorn (1940 a,b 1941 a,b) and Braun (1955) in conifers 
and dicotyledons. The work on ray initial development 
includes that of Bannan (1950, 1951, 1953, 1956); Evert 
(1959, 1961); Cumbie (1963, 1967, 1969 a,b); Srivastava 
(1963 a,b); Cheadle and Esau (1964); Ghouse and Yunus 
(1973); Ghouse and Iqbal (1977a); Hashmi (1977); Khan 
(1977); Khan (1980); Khan et al. (1983); Siddiqui, (1983); 
Ajmal (1985); Kafeel (1986); Iqbal and Ghouse (1987); Ajmal 
and Iqbal (1992). Earlier works on ray initial formation 
indicate that the ray initials may originate in more than one 
way. Sometimes, they arise as a single cell which may be cut 
at the ends of fusiform init ials as terminal segments (Bannan 
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1951, 1956; Braun, 1955; Khan, 1977; Khan, 1980; Siddiqui, 
1983). They may also arise by transverse fragmentation of 
fusiform initials (Whalley, 1950; Bannan, 1951; Cumbie, 
1963; Srivastava, 1963a, 1966; Ghouse and Yunus, 1973; 
Hashmi, 1977; Khan, 1977; Khan, 1980; Siddiqui, 1983) or a 
declining fusiform initial may be reduced to a single ray 
initial (Barghoorn, 1940a, 1941a; Fahn, 1982). 
As far as the presently investigated species are 
concerned, they show the first two types of ray formation. 
After their development, they continue to increase in number 
to a considerable extent mainly through mult ipl icat ion of 
exist ing initials as has been reported by Barghoorn (1941b); 
Braun (1955); Evert (1961, 1963a). Ghouse and Yunus (1973); 
Ghouse and Iqbal (1977a); Hashmi (1977); Khan (1977); Khan 
(1980) and Khan et al., (1983). In the presently invest igated 
species, rays also showed increase in width and height by 
fusion of two or more vert ically and radially aligned rays. 
Such fusions result from intervening fusiform init ials or by 
mult ipl icat ion of already existing ray init ials of the adjacent 
panels of rays (Barghoorn, 1941b; Braun, 1955; Phil ipson et 
al. 1971; Ghouse and Yunus, 1973; Ghouse and Iqbal, 1977a; 
Hashmi, 1977; Khan, 1980; Bartwal et al. 1983; Khan et al. 
1983; Rao, 1988). Split t ing of rays also occurs as a result of 
intrusive growth of fusiform initials in all the three species 
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invest igated and the same has been reported by Khan (1980) in 
Calistemon citrinus. Eucalyptus maculata and Eugenia 
jambolana and Khan et al. (1983) in Citrus sinensis. Earlier 
workers have also recorded similar observations in different 
species (Barghoorn, 1940 a,b; Esau, 1965, 1977; Evert , 1961; 
Cheadle and Esau, 1964; Ghouse and Yunus, 1973; Ghouse and 
Hashmi, 1977; Ghouse and Iqbal, 1977a; Khan, 1977; Bartwal 
et al. 1983 Siddiqui, 1983). 
As a result of detailed analysis of Pinus strobus, Bailey 
(1923) found that the fusiform initials constitute about 87.5% 
of total area of cambial zone. Wilson (1963) calculated the 
surface area of cambial zone in Abies concolor and found that 
the fusiform cells form more than 90% by volume of the 
cambium and its derivatives. Later on, he gave a model for the 
cambium of conifers based on his observat ions. Similarly, 
Kozlowski (1971), Butterfield (1972), Gregory (1977) and 
Margaris and Papadogianni (1977) have also recorded similar 
high percentages of fusiform init ials . In the present study, in 
A.scholaris, the fusiform initials consti tute 62% and in both 
E.officinalis as well as P.roxburghii, about 6 1 % of the 
tangential area of the cambial cylinder which is much lesser as 
compared to that of Bailey's (1923) and Wilson's (1963) 
observat ions. Almost similar results have been obtained in 
several other tropical trees by number of Indian workers 
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(Ghouse and Yunus, 1973, 1974a,b; 1976a; Ghouse and Iqbal, 
1975, 1977a; Ghouse et al., 1975a,b, 1976a, 1980; Ghouse and 
Hashmi, 1977; Khan, 1977; Khan, 1980; Khan and Siddiqui, 
1980, 1983; Khan et al., 1979a, 1980, 1982, 1983; Khan et al., 
1988; Ajmal et al., 1986a; Venugopal and Krishnamurthy, 
1989). In certain extreme cases, their proportion may fall as 
low as 25% as has been reported by Ghouse and Yunus (1974b) 
in Dillenia indica. 
It is evident from the present studies, that the fusiform 
cambial ini t ials experience considerable length variat ion as 
the tree grows in girth. In A.scholaris, advancing from apex 
towards the base, there is a posit ive increase in length of 
fusiform ini t ia ls . In E.officinalis, the length of fusiform 
init ials decreases with increasing girth of the axis and then 
gets stabil ized in the main trunk. In P.roxburghii, the length 
of fusiform initials increases from apex towards the base and 
then decreases slightly in the mature trunk. A constant 
increase in fusiform initial length throughout the axis 
recorded in A.scholaris has also been reported by Cumbie 
(1969a) and Khan (1980). An ult imate decline of length of 
fusiform init ials in old trunk preceded by a constant increase 
upto certain maximum, as observed in P.roxburghii has also 
been reported by Ghouse and Iqbal, 1977a; Khan et al. 1983; 
Iqbal and Ghouse, 1987; Ajmal and Iqbal, 1992. The 
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attainment of constancy after reaching certain maximum as has 
been reported by Bailey, 1923; Bosshard, 1951; Hejnowicz and 
Hejnowicz, 1958; Bannan, 1962; Carlquist, 1962; Evert , 1961, 
1963a; Ghouse and Yunus, 1973; Khan, 1977; Ghouse and 
Hashmi, 1980a, is contrary to that found in case of 
E.officinalis. Contrary to above findings, an entirely different 
si tuation of fusiform initials has been reported by Ajmal 
et al., (1986b) in Holoptelea integrifolia, where length of 
fusiform initials after maintaining an almost constant value in 
upper portion of stem, falls around mid of stem height and 
then again increases progressively basewards. 
In the present study, the observations on ray init ials 
reveal that they do not experience any appreciable change in 
their individual dimensions in relation to the increase in 
circumference of the cambial cylinder. However, they undergo 
mult ipl icat ion and become multiseriate in older axis in 
E.officinalis as has been reported by several earlier workers 
(Bailey, 1923; Braun, 1955; Ghouse and Yunus, 1973; Ghouse. 
and Iqbal, 1977a; Khan 1977; Iqbal, 1979; Khan; 1980; Khan 
et al., 1981; Khan et al., 1983; Siddqui, 1983; Ajmal 1986; 
Ajmal et al., 1986b; Kafeel, 1986; Iqbal and Ghouse, 1987; 
Ajmal and Iqbal, 1992). 
As a result of these developments in the cambial zone, 
relat ive proport ion of fusiform and ray init ials also changes 
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with age of the stem axis. The ray init ials occupy 20-36% in 
A.scholaris, 25-40% in E.officinalis and 23-32% in 
P.roxhurghii of the total tangential area of the cambial 
cylinder. An increase in the proport ion of the ray init ials from 
the apex down to the base of the tree has been reported in 
many Indian species such as Dalbergia sisso (Ghouse and 
Yunus, 1973), Acacia nilotica (Iqbal, 1979), Polyalthia 
longifolia (Ghouse and Hashmi, 1980a), Bauhinia parviflora 
(Khan et al., 1981), Ficus infectoria and F.religiosa (Siddiqui , 
1983), Ficus rumphii and Sterbulus asper (Ajmal, 1985). In 
conformity of the above findings the area occupied by ray 
initials has been found showing increasing trend with the 
advancing age of the plant axis in all the three presently 
investigated species. The variat ion pattern is not consistent 
and gradual in Prosopis spicigera (Ghouse and Iqbal, 1977a) 
where ray proportion fluctuates between 15 and 33%. Contrary 
to this, the ray proportion is found fluctuating from 20-40%^ 
consistent and gradual in all the three species presently 
invest igated. Braun (1955) suggests that a relat ively constant 
ratio of two types of initials is maintained throughout the 
secondary growth in arborescent plants . 
The ray initials form an integral part of the cambium. In 
the cambial cylinder, the ray init ials occupy about 38% 
tangential area in A.scholaris and 39% both in E.officinalis 
and P.roxhurghii. Almost similar proport ion of tangential area 
occupied by ray initials has been reported by earlier workers 
i.e., 38% in Acacia nilotica (Ghouse and Iqbal, 1975), 36%) in 
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Bauhinia purpurea and B.variegata (Ghouse 
et al. 1976a), 36% in Ficus religiosa (Siddiqui, 1983) and 39% 
in sterbulus asper (Ajmal, 1985). The proport ion of ray 
ini t ials in a number of Indian plants has been found to vary 
from 15-40%) depending on genetic make up, age and habit of 
the species (Paliwal and Srivastava, 1969; Ghouse and Yunus, 
1973, 1974a,b 1976a; Ghouse and Iqbal , 1975, 1977a; Ghouse 
and Hashmi, 1977; Ghouse et al., 1980; Jamal and Ghouse, 
1981; Khan et al., 1981; Bartwal et al., 1983; Khan et al., 
1983; Iqbal and Ghouse, 1985b). However, in some cases, the 
ray ini t ials constitute less than 10%) of cambial cylinder 
(Bailey, 1923; Wilson, 1963; 1964; Kozlowski , 1971; 
Butterf ield, 1972) while in others their proport ion may go as 
high as 75% in certain extreme cases like Dillenia indica, a 
Ranal ian species (Ghouse and Yunus, 1974b). 
As far as the dimensional variat ions in relat ion to 
different seasonal changes are concerned, it has been noticed 
that the length and width average of fusiform initials as well 
as magnitude of ray initials vary to some extent depending on 
the t ime of development of new cambial initials and the period 
of their growth. Frequency of uniseriate and short cambial 
rays have been found higher in active period than in the 
inactive phase of the cambium. Earlier workers have also 
reported such changes both in size and in magnitude of the 
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different types of cambial initials and cambial rays in tropical 
trees (Yunus, 1976; Hashmi, 1977; Khan, 1977; Iqbal, 1979; 
Khan, 1980; Dave and Rao, 1982a; Siddiqui, 1983; Ajmal, 
1985 and Kafeel, 1986). 
The ray init ials are found impregnated by varying 
amounts of starch in all the three species invest igated and this 
appears to be on account of a direct impact of changing 
weather condit ions. Accumulation of starch invariably has 
been found to be higher during the dormant phase of cambium 
as compared to the active phase. Contrary to the present 
findings, Kishore and Rao (1999) have reported a total absence 
or poor deposits of starch during dormant phase of cambium in 
Tectona grandis. A similar situation has been reported by Rao 
and Dave (1983a) in T.grandis growing in moist deciduous 
and deciduous forests, except its occurrence in the month of 
March in moist deciduous forests. 
S e c o n d a r y xylem 
Secondary xylem consists of various types of elements 
such as t racheids, vessel members, fibres, axial parenchyma, 
ray cells and sometimes secretory cells . Their occurrence and 
the arrangement vary in different groups of plants . The 
quanti tat ive differences in the number of cells, as well as in 
the size of elements that exist between the species of a single 
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genus make it possible to identify the plant by its secondary 
xylem alone. Dicotyledonous wood is more complex than that 
of gymnospermous wood because the different elements of 
dicotyledonous wood vary more in size, shape, type and 
arrangement. The arrangement of vessels and the mode of 
distr ibution of axial parenchyma are important for 
identif ication of species (Fahn, 1982). 
The characteris t ics feature in the secondary xylem of 
decotyledons is the arrangement of vessels and axial 
parenchyma. When vessels are almost equal in diameter and 
uniformly distr ibuted throughout the wood, or when there is 
only a gradual change in size and distr ibution throughout the 
growth r ing, the wood is termed diffuse porous wood, for 
example, Acer spp, Populus alba. Acacia cyanophyta, Olea 
europea, Eucalyptus spp. (Fahn, 1982), Dalbergia spp (Yunus, 
1976); Delonix regia, Mimusops elengi and Polyathia 
longifolia (Hashmi, 1977), Acacia nilotica and Prosopis 
spicigera ( Iqbal ,1979), Ficus infectoria and F.religiosa 
(Siddiqui , 1983), F.rumphii and Sterbulus asper (Ajmal, 
1985), Bauhinia purpurea and B.variegata (Kafeel, 1986). 
Several Myrtaceae members are found to have diffuse porous 
wood, such as some species of Eucalyptus (Dadswell , 1972), 
Psidium guajava (Khan, 1977), Callistemon citrinus, 
Eucalyptus maculata and Eugenia jambolana (Khan 1980), 12 
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species of Eucalyptus (Khan et al., 1980). In the presently 
invest igated species also, the wood is found to be diffuse 
porous . The vessels may form clusters , i.e., irregular groups, 
for example, in Pistacia (Fahn, 1982). The vessels are found 
solitary and in short radial mult iples of 4 to 10 and often 23 in 
the three species investigated as has been reported by earlier 
workers (Yunus, 1976; Hashmi, 1977; Khan,1980; Siddiqui , 
1983; Ajmal, 1985; Kafeel 1986). 
In different Dicotyledonous species, the amount of axial 
parenchyma shows wide var iat ions. In some species, there is 
very li t t le axial parenchyma or it may be absent while in 
others , it consti tutes a very large portion of the wood. Apart 
from the variations in the amount of axial parenchyma, they 
also differ in its distribution in the secondary xylem. The 
mode of distr ibution of axial parenchyma is used as a 
taxonomic character in different species (Fahn, 1982). The 
axial parenchyma consti tutes about 22% in A. scholaris, 10% 
in E.officinalis and 24% in P.roxburghii. 
A lot of work has been done on the variat ions in size of 
xylem fibres of various gymnosperms and dicotyledons 
(Bisset and Dadswell , 1949; Moiiey et al., 1950; Scaramuzzi, 
1955; Bailey, 1957 Hejnowicz and Hejnowicz, 1958 
Dinwoodie , 1961; Carlquist , 1962; Fahn and Leshem, 1963 
Kedarnath et al., 1963; Parameswaran, 1964; Burley, 1969 
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Dadswell , 1972; Sundersivarao et al., 1973 Purkayastha et al., 
1974; Khan 1977; Sundersivarao and Nazma 1977; Khan et al., 
1979b,c; Khan, 1980; Iqbal and Ghouse, 1983; Siddiqui, 1983; 
Khan 1984; Ajmal, 1985; Ghouse et al., 1985; Kafeel, 1986; 
Ajmal and Iqbal, 1992; Castro and Ademir, 1992; Lim and 
Woong, 1997; Jorge et al., 2000) In the presently investigated 
species, A. scholaris is found to have longest xylem fibres 
followed by E.officinalis and P. roxburghii. 
Observations on the xylem fibres reveal that they 
experience apical intrusive growth to the extent of 1.440, 
1.629 and 1.167 times over the size of their mother init ials in 
A.scholaris, E.officinalis and P.roxhuighii respectively. 
Similarly, Khan et al., 1979 have reported that the xylem 
fibres in Eucalytus camaldulensis and E. papuana grow 
intrusively to the extent of about 1.54-1.8 times over their 
mother ini t ials . Further, Khan et al., (1979c) noted that in 
some Verbenaceae, the extent of apical growth in xylem fibres 
varies from 1.8-5.4 times over their mother init ials in 
different species. Khan (1980) recorded the apical intrusive 
growth to the extent of 1.4 to 1.6 times over the size of their 
mother init ials in some Myrtaceae members. Siddiqui (1983) 
has reported apical intrusive growth to the extent of 3.54 and 
4.4 times over the size of mother initials in Ficus infectoria 
and F.religiosa. Khan (1984) has reported that the xylem 
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fibres undergo apical intrusive growth, 5.50-6.33 times over 
the size of their mother initials in Bombax melabaricum. 
Ajmal (1985) has reported xylem fibres to exhibit 5.40 and 
3.23 times length increase over fusiform init ials in Ficus 
rumphii and Sterbulus asper. But Cheadle (1937) found 
considerable variat ions in some woody Lil iaceae. He found 
the xylem fibres to grow 15-40 times over the size of their 
mother ini t ia ls , whereas Anand et al., (1978) reported xylem 
fibres in Dalbeigia sisso to grow 8-9 times longer than their 
mother ini t ials . However, the present findings with respect to 
the three species are in confirmity with Khan's (1980) 
observations on some Myrtaceae members. 
Sufficient work has been done on size variat ion of 
tracheids and fibre elements of various gymnosperms and 
dicotyledons in relation to distance from the pith and height 
from the ground (Bisset and Dadswell , 1949; Bailey, 
1953;Scarmuzzi, 1955; Hejnowicz and Hejnowicz, 1958; 
Dinwoodie, 1961; Carlquist, 1962; Kedarnath et al., 1963; 
Parameswaran, 1964; Burley, 1969; Pattanath, 1972; 
Purkayastha et al., 1974; Iqbal and Ghouse, 1983; Castro and 
Ademir 1992; Jorge et al., 2000) and also regarding the vessel 
elements (Cheadle, 1953 ;Hejnowicz and Hejnowicz, 1958; 
Khan, 1980; Khan et al., 1980; Iqbal and Ghouse 1983; 
Ghouse et al., 1985). 
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In the present study, all the three species showed an 
appreciable increase in vessel length as well as diameter of 
vessels in older parts of the stem, while the wood in the 
younger shoots consisted of vessels with narrow lumen. Thus, 
as the tree ages, the wood shows considerable increase in 
length as well as lumen size of vessel elements . In Prosopis 
spicigera, in spite of an appreciable increase in vessel 
diameter in the older parts of the stem, the relat ive proport ion 
of the elements do not increase correspondingly per unit area 
and remains almost constant after experiencing some initial 
f luctuations (Iqbal and Ghouse, 1977a). Similar observations 
have been recorded by Khan (1980) in Eugenia jambolana. 
Following the length of vessel elements from top towards 
the base at various height levels from the ground, the length 
average of vessel elements in the three investigated species 
shows an increasing trend upto the base. Increasing trend in 
the length of vessel elements from top towards the base has 
also been reported by Siddiqui (1983) in Ficus religiosa, 
Carlquist (1989) in new world species of Ephedra, Castro and 
Ademir (1992) in Sacoglottis guianensis and Andira pawiflora 
and by Han and Woong (1993) in Populus eurameriana. 
Contrary to this, Cumbie (1963, 1967, 1969b) in Hibiscus 
lariocarpus, Leithera floridana and Apocynum cibrium, 
Butterfield (1972, 1973) in Aschynomene hispida and Hoheria 
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angustifolia, Rao et al., (1973) in Ulmus procera. Khan and 
Ghouse (1977) in Psidium guajava, Khan (1980) in Eugenia 
jambolana, Ajmal (1985) in Sterhulus asper have reported a 
gradual increase in the length of vessel elements with 
increasing age till they attain their maximal size and then 
remain more or less constant. On the other hand Iqbal and 
Ghouse (1977a) in Prosopis spicigera. Khan (1980) in 
Eucalyptus maculata observed the length of vessel elements 
initially increases and tends to remain constant for some 
distance and finally declines near ground level. In 
continuation, it was also reported by Khan (1980) that there is 
no significant change in vessel length with the increase in 
girth of stem axis in Callistemon citrinus. Siddiqui (1983) has 
reported vessel length to show a gradual decrease upto base in 
Ficus infectoria. Ajmal (1985) reported increase in length of 
vessel elements from apex towards the base but after having 
attained maximum in the basal region, they decline in Ficus 
rumphii. 
The radial diameter of vessel elements reveal a gradual 
increase with the increasing girth of stem axis until a 
maximum is reached and then constancy follows in A.scholaris 
as has been reported by Khan (1980) in some Myrtaceae, 
Siddiqui (1983) in Ficus infectoria and Ajmal (1986) in 
Sterbulus asper. In E. officinalis, it increases from apex 
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towards the base of axis as has been reported by Carlquist 
(1989) and in new world species oi Ephedra. Narrow lumened 
vessels are more frequent in young shoots and broader ones at 
the base as has also been reported earlier by Iqbal and Ghouse 
(1977a) . In P.roxboughii, the radial diameter increases from 
top towards the base and after attaining a maximum declines 
as has been reported by Ajmal (1985) in F.rumphii. 
As far as tangential diameter of vessels is concerned, no 
specific trend in variation has been noticed with respect to 
increase in girth in A.scholaris. Similar trend has been 
reported by Siddiqui (1983) in Ficus religiosa. In 
E.officinalis, in the beginning, no specific trend in variat ion 
has been found in tangential diameter of vessels , but a 
significant jump is noticed at the base of the trunk. Contrary 
to this , in Ficus rumphii, a consistent increase of tangential 
widening in vessels from apex towards the base and after 
at taining a certain maximum in basal region, followed by a 
decline has been observed by Ajmal (1985), while anticl inal 
and pericl inal diameter records a continuous increase with the 
growing girth corresponding to the increasing age of tree axis 
as has been noted in Prosopis spicigera (Iqbal and Ghouse, 
1977a). In P.roxburghii, tangential dimension shows an 
increasing trend and attains constancy near the base as it 
happens in Callistemon citrinus. Eucalyptus maculata and 
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Eugenia jambolana (Khan, 1980), Ficus infectoria (Siddiqui , 
1983), Bombax malabaricum (Khan, 1984) and Sterbulus asper 
(Ajmal 1985). 
It has been noted that xylem of young shoots consists of 
narrow lumen vessels (short) proport ionally higher in number 
in all the three species investigated. As the axis grows older, 
the number of large type vessels show an increasing tendency 
and the number of pores per unit area also decline which is 
compensated by the increment in the lumen size of the vessels . 
In spite of the decrease in the number of vessels per unit area 
of xylem, the area occupied by these elements exhibits higher 
values at the base as compared to the young shoots in 
E.officinalis. More or less a similar trend has been reported by 
earlier workers (Khan, 1977; Khan, 1980; Khan, 1984). In case 
of A.scholaris and P.roxboughii, the proport ional distr ibution 
of short and large sized vessels follows the same pattern as 
has been found in E.officinalis, but the area occupied by the 
vessels in transverse plane shows an inconsistent behaviour 
and was not found to be influenced by the age factor as 
observed in E.officinalis. Contrary to the above, the relat ive 
vessel area in transections does not increase correspondingly 
and becomes constant after an initial gain in Ficus rumphii 
and Sterbulus asper (Ajmal, 1985), Prosopis spicigera (Iqbal 
and Ghouse, 1977a, 1979), Eugenia jambolana (Khan, 1980) 
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and Ficus religiosa (Siddiqui, 1983). A continuous increase in 
vessel area from tree top basewards occurs in some other 
species (Khan, 1977; Khan, 1980; Khan, 1984). An entirely 
different si tuation-a higher vessel proport ion in young shoots 
than in old-stem has been reported by Oll innmaa (1955) and 
Bhatt and Karkkainen (1980). 
The amount of axial parenchyma varies in different 
dicotyledonous species. In some species, there is very little 
axial parenchyma, or it is entirely absent as in Scaevola 
(Carlquist , 1970). Brunellia comocladifolia (Vales, 1984). In 
A.scholaris, the axial parenchyma shows decreasing tendency 
from top towards the base as has been reported by Ajmal 
(1985) in Ficus rumphii and Sterbulus asper. In E.officinalis 
and P.roxboughii, the axial parenchyma in xylem do not 
follow any consistent trend of variat ion with the advancing 
age of the stem axis unlike that found in A.scholaris. Contrary 
to this , earlier workers have reported axial parenchyma to 
increase with increasing diameter of the axis (Khan, 1977)in 
Psidium guajava, ( Iqbal ,1979), in Acacia nilotica and 
Prosopis spicigera. Khan (1980) in Callistemon citrinus and 
Eugenia jambolana. A reverse trend has been reported in 
Eucalyptus maculata by khan (1980). 
As far as the dimensional variat ions of vessels , fibres, 
ray and axial parenchyma in relation to different weather 
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conditions are concerned, they do not exhibit any considerable 
change in all the species investigated. Similar trend has been 
reported in Psidium guajava Khan (1977), Callistemon 
citrinus; Eucalyptus maculata and Eugenia jambolana Khan 
(1980), Ficus infectoria and F.religiosa (Siddiqui , 1983). 
Both the systems of xylem parenchyma i.e., ray and axial 
accumulate starch in all the presently investigated species. It 
has been found that in all the three species, starch 
accumulation is higher during dormant phase of the cambium 
as compared to the active period. This coincides with the 
findings of Esau (1965) that the starch reserves accumulate 
towards the end of growing season and are depleted during the 
cambial activity of the following season. Kramer and 
Kozlowizki (1979) have also suggested that the carbohydrates 
are used in the production of new cambial cells and accretion 
of xylem and phloem elements . A similar trend has been 
reported by Khan (1980) in Callistemon citrinus. Eucalyptus 
maculata and Eugenia jambolana, Siddiqui (1983) in Ficus 
infectoria and F.religiosa. Ramiah and Shah (1985) in 
Lagerostromia indica and L.lanceolanta Kishore and Rao 
(1999) in Tectona grandis and Acacia nilotica. Tannins have 
been found in the parenchyma system of xylem in E.officinalis 
only. Accumulation of tannins is also found to be influenced 
by different seasons. Both the systems of parenchyma are 
103 
found accumulating more tannins during the dormant period of 
cambium as it has been found in case of starch. More or less 
similar trend of tannin deposition have been reported by 
earlier workers (Khan, 1977; Khan 1980; Siddiqui, 1983). 
Secondary Phloem 
As compared to secondary xylem of the dicotyledons, the 
secondary phloem has relatively complicated structure. 
However, the principal arrangement of cells in the secondary 
phloem parallels that of secondary xylem. The secondary 
phloem consists of two well defined systems of cell viz; axial 
or vert ical and ray or horizontal system. The cells of the axial 
system are derived from the fusiform initials of the cambium 
while the ray system develops from ray ini t ia ls . The axial 
system is composed of sieve-tube members accompanied by 
one or more companion cells, axial parenchyma, fibres, 
sclereids and occasionally lat icifers. (Esau, 1965). Fibres and 
sclereids also develop in ray system (Khan et al., 1976). 
During the course of invest igat ions, it has been found 
that branchysclereids are confined to outer bark of axial 
system in A.scholaris which goes in agreement with the 
findings of Den Outer (1982) who found sclereids to occur in 
the innermost phelloderm layers of periderm in species of 
Tambourissa. In A.scholaris, phloem fibres are absent in 
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secondary phloem, while in E.officinalis and P.roxboughii, 
phloem fibres are scattered solitary or in small groups in the 
secondary phloem. They consti tute a very little (2-4%) of the 
total cross sectional area in E.officinalis on the extreme 
periphery. More or less a similar trend has been reported by 
Ajmal (1985). In the species referred above, sclerechyma 
system does not follow any specific mode of distr ibution and 
as such they do not give any characteris t ics look to the bark as 
has been reported by a number of earlier researchers like 
Holdheide (1951); Chattaway (1953, 1955a,b,c,d,e, 1959). 
Chang (1954a,b) ; Zahur (1959); Santos (1960); Bamber 
(1962); Esau (1964); Outer (1967); Ghouse and Sabir (1974); 
Ghouse and Yunus (1974c, 1975, 1976b); Ghouse et al., 
(1975c, 1976b); Ghouse and Siddiqui (1976a,b); Khan et al., 
(1976, 1977, 1978); Ghouse and Iqbal (1^77b); Ghouse and 
Jamal (1979); Khan and Khan (1983); Siddiqui (*1983); Khan 
(1984). 
The sieve-tube members are arranged in a linear order to 
form long tubular pathways for the translocat ion of 
synthesized but soluble materials to the places of active 
growth or regions of storage in the investigated species. The 
end walls of the sieve-tube members are slightly oblique to 
t ransverse and possess simple sieve plates in A.scholaris. In 
E.officinalis and P.roxbhurghii, sieve tubes are found to be 
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having compound and oblique sieve plates . Thus, the sieve-
tube members of A.scholaris indicate that they are 
phylogenet icai ly advanced (Esau, 1965; Fahn, 1982) as 
compared to the conducting elements of E.officinalis and 
P.roxburghii. Like many other dicotyledons (Esau, 1965; 
Ghouse and Yunus, 1975; Yunus, 1976; Hashmi, 1977; Khan, 
1977; Iqbal, 1979; Khan; 1980; Fahn 1982; Siddiqui , 1983; 
Khan, 1984; Ajmal, 1985; Kafeel, 1986), the lateral walls of 
these elements are also found to have numerous sieve areas 
through which lateral communication is maintained with 
contiguous elements. 
In all the investigated species, the length of sieve-tube 
members is found to be shorter than their mother ini t ials- the 
fusiform initials, as has been reported by earlier workers in 
Pyrus mains (Evert, 1963 b); Dalbergia spp. (Ghouse and 
Yunus, 1975); Delonix regia, Mimusops elengi and Polyalthia 
longifolia (Hashmi, 1977); Psidium guajava (Khan, 1977); 
Prosopis spicigera (Iqbal and Ghouse, 1979); Callistemon 
citrinus. Eucalyptus maculata and Eugenia jambolana ( Khan, 
1980); Ficus infectoria and F.religiosa (Siddiqui , 1983); 
Bombax malabaricum (Khan, 1984) and Ficus rumphii and 
Sterbulus asper (Ajmal, 198^). 
The secondary phloem in the presently invest igated 
species is separated into functioning and non-functioning 
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phloem. The principal components of the functioning or 
conducting phloem are the sieve elements along with 
companion cells, sclerenchyma, the axial and ray parenchyma. 
In the non-functioning or non-conducting zone, the sieve-tube 
members no longer serve as conducting elements due to 
presence of thick layers of definitive callose on their end 
walls as well as on the lateral walls . After sometime, the 
shape of the sieve elements get changed due to pressure 
exerted by the expansion of the axial and ray parenchyma 
cells . In a number of other dicotyledons, almost similar type 
of deformation of sieve elements has been noticed by Cheadle 
and Esau (1964) in Liriodendron; Khan (1977) in Psidium 
guajava, Ghouse and Hashmi (1979a) in Polyalthia longifolia 
and (1980b) in Delonix regia; Khan (1980) in Callistemon 
citrinus, Eucalyptus maculata and Eugenia jambolana. In all 
the three presently investigated species, the dis integrat ion of 
protoplast and crushing of sieve elements occurs in non-
conducting region as has been noted in certain conifers (Abbe 
and Crafts, 1939) and in some angiosperms, e.g., in Dalbergia 
spp (Ghouse and Yunus, 1975); Psidium guajava (Khan, 1977); 
Eucalyptus ebbanoensis, E.pyriformis, Syzigium cumini and 
Callistemon citrinus (Ghouse et al., 1976b); Polyalthia 
longifolia and Delonix regia (Ghouse and Hashmi, 1979a, 
1980b); Callistemon citrinus, Eucalyptus maculata and 
Eugenia jambolana (Khan, 1980) and Ficus infectoria and 
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F.religiosa (Siddiqui , 1983). The ray parenchyma cells of the 
non-conduct ing zone are comparatively larger than that of the 
conducting zone as they proliferate to the extent of forming 
wide wedges of different magnitude and get dilated in all the 
three species investigated. The same has been reported by 
several earlier workers (Schneider, 1945, 1952, 1955; 
Chattaway, 1955d; Whitmore, 1962; Esau, 1965; Ghouse and 
Yunus, 1974c; Siddiqui, 1983). However, Khan (1980) has 
reported cells of non-conducting zone to be comparatively 
larger in size than the conducting zone and that the ray initials 
do not proliferate to the extent of forming wide wedges 
resembling dilated rays. 
During a calendar year, the depth of conducting phloem 
is found to vary from 60 to 330nm in A.scholaris, 70 to 225}im 
in E.officinalis and from 75 to 190fj,m in P.roxburghii. These 
observat ions are in concurrence with the general concept that 
the functional phloem is only a fraction of a mil l imeter 
(Holdheide, 1951; Lawton and Lawton, 1971; Lawton, 1972; 
Ghouse and Hashmi, 1976; Yunus, 1976; Ahmad et al. 1977; 
Khan, 1975; Ghouse and Hashmi, 1979a, 1980b, Iqbal , 1979; 
Khan, 1980; Siddiqui, 1983; Khan, 1984). Contrary to this, 
Ghouse and Hashmi (1976) in Terminalia arjuna, Polyalthia 
longifolia and Ahmad et al., (1977) in Anona squamosa, 
Cassia nodusa, C.simea, Feronia limonia, Mangifera indica 
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and Zizyphus mauritiana found depth of conducting phloem to 
be l -2mm thick, while Whitmore (1962) found the conducting 
phloem to be 5-6mm thick in Dipterocarpaceae. 
As far as length and lumen size of sieve elements in 
different seasons are concerned, they do not show any 
significant change in the three investigated species. Similar 
observations have been recorded earlier by Munch (1943); 
Esau and Cheadle (1959); Evert et al., (1969); Tucker and 
Evert (1969); Lawton (1972); Yunus (1976); Hashmi (1977); 
Khan (1977); Khan (1980); Siddiqui (1983); and Khan (1984). 
Analysis of the sieve tube area of the conducting zone 
has revealed that it varies from 34-39% in A.scholaris, 25-34% 
in E.officinalis and from 21-29% in P.roxhurghii. However, in 
some species of Tambourissa, it has been found by Den Outer 
(1982) that axial system of conducting secondary phloem is 
composed of 40% sieve elements. Crafts (1931,1933) found 
about 17% and 23% of the phloem to be active in cucurbit 
stems and potato stolons respectively and considered one-fifth 
of the phloem to be engaged in t ranslocat ion. Munch (1930, 
1943) measured two-third of the phloem as active in some tree 
t runks. Later, Geiger et al., (1969) and Evans et al., (1970) 
observed about 30%) of the phloem to be active in the sugar 
beet pet ioles and wheat peduncles respect ively. However, 
Lawton and Canny (1970) and Canny (1973) considered two-
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third factor of Munch to be more appropriate to adopt for the 
purpose of calculations in specific mass transfer studies than 
Craft 's one-fifth value. But the present findings do not agree 
with the earlier reports of Craft (1931,1933) and it is 
suggested that before making any general izat ion regarding the 
phloem engaged in t ranslocat ion, a thorough survey of large 
number of species be made as has been suggested by Lawton 
(1972); Grange and Peel (1975); Ghouse and Hashmi (1976); 
Ghouse et al., (1976b); Khan (1977); Ghouse and Iqbal (1978); 
Khan (1980); Siddiqui (1983); Khan (1984) and Ajmal (1985). 
The length of sieve-tube members increases with the 
increasing diameter of the stem axis in A.scholaris. This goes 
in agreement with the findings of Khan (1977) in Psidium 
guajava, Ajmal (1985) in Sterbulus asper and TrockenbrodQi 
(1994) in Oak. In E.officinalis, the length of sieve-tube 
members first increases with increasing age and after 
declining for a distance, again increases near the base, which 
is in confirmation with the results on Ficus infectoria and 
F.religiosa by Siddiqui (1983). Contrary to above findings 
Khan (1984) found that in Bombax malabaricum, the length 
average of sieve-tube members increases gradually from 
younger to older trunks till it reaches maximum and then tends 
to remain constant after a slight decline. However, some 
earlier workers like Yunus (1976); Hashmi (1977); Iqbal and 
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Ghouse (1977b); Iqbal (1979) Khan (1980); Ajmal (1985); 
Kafeel (1986) and Ajmal and Iqbal (1992) have reported that 
the size of sieve-tube members increases with the increasing 
age of the trunk, but suffers a slight decline in the basal part 
of the tree trunk which may be due to the proximity of root 
system (Hejnowicz and Hejnowicz, 1958) or due to the ageing 
effect an cambial cell size (Ghouse and Iqbal, 1977b). The 
above findings by various workers goes in confirmation with 
that found in case of P.roxburghii, where length of sieve-tube 
members was found to increase with increasing diameter of the 
stem axis and then found to decline at the base. 
Studies on the lumen size of sieve-tube members of the 
invest igated species have revealed that the radial diameter 
experiences a steady increase with the increasing girth of the 
stem axis, which is in coincidence with the reports of some 
earlier workers like Yunus (1976); Hashmi (1977); Iqbal and 
Ghouse (1977b); Khan (1977); Iqbal (1979); Khan (1980); 
Siddiqui (1983); Khan (1984); Ajmal (1985) and Kafeel 
(1986) . 
Unlike radial diameter, the tangential diameter does not 
follow any specific trend in variat ion with increasing age of 
the axis. Contrary to this, several other workers have reported 
specific trends in variat ion in the tangential dimensions of 
s ieve-tube members with the advancing age of the shoot. A 
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gradual increase in the tangential dimension has been reported 
by Yunus (1976) in Dalbergia sisso, Iqbal and Ghouse (1977b) 
in Prosopis spicigera. Khan (1977) in Psidium guajava, Khan 
(1980) in Callistemon citrinus. Eucalyptus maculata and 
Eugenia jambolana, Siddi.qui (1983) in Ficus infectoria and 
F.religiosa, Khan (1984) in Bombax malabaricum, Ajmal 
(1985) in Sterbulus asper and Kafeel (1986) in Bauhinia 
purpurea and B.variegata. On the other hand, a gradual 
increase followed by a decline at the base has been observed 
by Ajmal (1985) in Ficus rumphii. 
Accumulation of starch in the conducting phloem has 
been found closely related to the cambial activity. In the 
presently investigated species, the cells show poor 
accumulat ion of s.tarch during active phase of cambium as 
compared to the inactive period, which is in agreement with 
the findings of Khan (1980) on some Myrtaceae members and 
Siddiqui (1983) on some members of Moraceae. In A.scholaris, 
a different situation was found in ray parenchyma of non-
conducting phloem during the active phase of cambium where 
heavy deposits of starch were found and it is in concurrence 
with the findings of Kishore and Rao (1999). 
The length of phloem fibres increases from top to the 
base downwards in E.officinalis as well as in P.roxburghii 
which is in agreement with the findings of Khan (1984) in 
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Bombax melabaricum, Ajmal (1985) in Sterbulus asper and 
Trockenbro^dth (1994) in Oak and Popular species. Contrary to 
this, an initial increase in length of phloem fibres reaching a 
maximum and then a decline has been reported by Iqbal and 
Ghouse (1983) in Acacia nilotica and Prosopis spicigera, 
Ajmal and Iqbal (1992) in Ficus rumphii. Width measurements 
of the fibres have shown no specific trend in variat ion vis a 
vis age of the axis. However, recently, Quilho et al., (2000) 
has found fibre width to decrease from base upwards. The 
length and width measurements of phloem fibres during 
different seasons did not show any significant change as has 
also been reported by (Khan, 1977; Khan 1980; Siddiqui, 
1983; Khan, 1984; Ajmal, 1985). 
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Per iod ic i ty of Cambium 
The activity of vascular cambium is not uniform, but 
shows great variation depending on the genetic const i tut ion of 
plants and difference in the internal and external environment. 
(Reinders-Gouwentak 1965; Philipson et al., 1971). There are 
plants whose cambium is active throughout the entire life of 
the plant i.e., the cells of cambium divide cont inuously and 
the result ing cells undergo gradual differentiat ion to form 
xylem and phloem. Such type of activity usually occurs in 
plants growing in tropical regions (Alvim, 1964; Phil ipson 
et al., 1971; Fahn, 1982). However, not all t ropical trees 
exhibit continuous cambial activity (Coster, 1927-28; 
Chowdhury, 1940, 1969; Fahn and Sarnat, 1963; Mariaux, 
1967; Lawton, 1972; Rao, 1972; Lu and Chiang, 1975; Yunus, 
1976; Hashmi, 1977; Khan, 1977; Ghouse and Hashmi, 1979b; 
Iqbal, 1979; Khan, 1980; Fahn, et al., 1981; Siddiqui, 1983; 
Khan, 1984; Ajmal, 1985; Villaba Richado 1985; Kafeel, 1986; 
Zhang et al., 1992, 1994, 1997; Priya and Bhat, 1999). 
In the present study, the cambial activity has been 
observed to be periodic, rather than continuous as reported 
earlier in many other Indian tropical trees (Chowdhury, 1939, 
1940, 1957, 1968, 1969; Chowdhary and Tandon, 1950; 
Paliwal and Prasad, 1970; Paliwal et al., 1975; Yunus, 1976; 
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Hashmi, 1977; Khan 1977; Ghouse and Hashmi, 1979b; Iqbal 
1979; Khan 1980; Siddiqui, 1983; Khan, 1984; Ajmal, 1985; 
Kafeel, 1986; Ajmal and Iqbal 1987i; Priya and Bhat 1999). 
In the past, many cri ter ia have been followed to 
determine the init iation and the duration of cambial activity in 
t ropical as well as in temperate species. For the first t ime. 
Priest ly et al., (1933) reported a phenomenon in which bark 
separates itself from wood during the active period and called 
it as "slippage of the bark". The slip may occur through 
cambium before differentiation begins (Priestley et al., 1933) 
as later stages it usually takes place through the 
differentiat ing xylem in the region where the cells have 
expanded but are still without secondary walls (Bailey, 1943; 
Evert , 1960, 1961). Others employed different criteria to 
establish the reactivation of cambium, after winter dormancy. 
Some of the contributions towards this aspect are those of 
Wight (1933); Chowdhury (1939); Preston and Wardrop 
(1949); Hodge and Wardrop (1950); Wareing (1951); 
Ladefoged (1952); Preston and Ripley (1954); Samish (1954); 
Wardrop (1954); Wareing and Roberts (1956); Wilcox (1962); 
Evert (1963a); Waisel and Fahn (1965 a,b); Srivastava and 
O'Brien (1966); Mahmood (1968,1971); Robards and Kidway 
(1969); Min (1970); Timell (1973, 1979); Fahn (1974); Tsuda 
(1975); Khan (1977); Farooqui and Robards (1979); Ghouse 
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and Hashmi (1979b); Catesson (1980, a,b); Khan (1980); Dave 
and Rao (1982a,b) ; Rao and Dave (1983b). Paliwal and Prasad 
(1970) and Paliwal et al. (1975) while working on Dalbergia 
sisso and Polyathia longifolia respectively have given undue 
importance to the number of layers of undifferentiated cells in 
recognizing the cambial reactivation and activity. But the 
radiological techniques of Waisel and Fahn (1965a) have 
proved to be dependable methods to study the vascular 
cambium, part icular ly, to ascertain the duration of activity. 
In the present study, the periodicity of cambium has been 
studied using different criteria. The beginning of cambial 
react ivat ion has been recognized by the radial expansion of 
cambial init ials but its activity has been counted from the 
actual cell division and not from the time of any histochemical 
change or radial expansion of the ini t ia ls . The cessation of 
activity has been recognized by the closing of cell division 
which normally precedes the histochemical changes in the 
ini t ia ls . 
The vascular cambium, in all the three species under 
invest igat ion, after dormancy, undergoes react ivat ion once in 
a year. The first sign of reactivation is increase in size of 
cambial init ials in the radial direction. This phenomenon has 
been described as "Swelling" of the cambial cells by some 
earlier workers (Chowdhury, 1969; Yunus, 1976; Khan, 1977; 
116 
Ghouse and Hashmi, 1979b; Iqbal, 1979; Khan, 1980; 
Siddiqui, 1983; Khan, 1984; Ajmal, 1985; Kafeel, 1986; 
Ajmal and Iqbal 1987^}; Rao et al., 1996). The cells in the 
cambial zone undergo radial expansion in late June in 
A.scholaris, late April in E.officinalis and late May in 
P.roxburghii. 
The cambial zone, after experiencing swelling 
phenomenon, undergoes cell division. During this period, it 
shows a number of histochemical changes in the init ials i.e., a 
reduction in cell protoplast density as well as loss of 
chromatici ty and the leaning of cell wall as a consequence of 
reduction in wall thickness and the size of beaded structure of 
radial walls . A decrease in the accumulation of starch and 
tannins is also observed during this period. Derr and Evert 
(1967) in Robinia pseudoacacia, Tucker and Evert (1969) in 
Acer negundo, Yunus (1976) in Dalbergia sisso, Khan (1977) 
in Psidium guajava, Ghouse and Hashmi (1979b) on Polyathia 
longifolia, Iqbal (1979) in Acacia nitotica and prosopis 
spicegera. Khan (1980) in Callistemon citrinus, Eucalyptus 
maculata and Eugenia Jambolana, Siddiqui (1983) in Ficus 
infectoria and F.religiosa, Khan (1984) in Bombax 
malabaricum, Venugopal and Krishnamurthy (1987) in certain 
tropical t rees, Cui et al., (1995) in Broussonetia papyrifera 
have also reported similar changes in the structure and nature 
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of cambial ini t ials . In the present study, the cambial initials 
have been found to intit iate cell division in early July in 
A.scholars, in early May in E.officinalis and early June in 
P.roxburghii. The initiation of cell division in early July 
(rainy season) in A.scholaris coincides with the earlier reports 
of Waisel et al., (1970) in Zygophylum dumosum, Aljaro et al., 
(1972) in Proustia cuneifolia, Khan (1980) in Callistemon 
citrinus and Eucalyptus maculata, Priya and Bhat (1999) in 
Tectona grandis. The initiation of cell division in E.officinalis 
and P.roxburghii in early May and early June, when the 
monthly temperature ranges from 32-40°C, shows that this 
phenomenon depends on high temperature and low humidity. 
Similar dependence of cambial activity on high temperature 
and low humidity has also been reported in temperate and 
tropical trees by Chowdhury (1969), in Acacia nilotica by 
Iqbal (1979), in Tectona grandis by Rao and Dave (1981), in 
Mimusops elengi by Ghouse and Hashmi (1983) and 
Rhododendron arboreum by Paliwal and Paliwal (1992). 
The cambium ceases to function in November in 
A.scholaris, October in E.officinalis and November in 
P.roxburghii. Thus, in all the species, it appears that fall of 
temperature brings down the dormancy. Similar findings have 
been reported in Tectona grandis by Rao and Dave (1981), in 
Mimusops elengi by Ghouse and Hashmi (1983), in Ficus 
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infectoria and F.religiosa by Siddiqui (1983), in Bombax 
malabaricum by Khan (1984), in Sterbulus asper by Ajmal 
(1985), in Bauhinia purpurea and B.variegata by Kafeel 
(1986), in Rhododendron arboreum by Paliwal and Paliwal 
(1992) . Contrary to this, Khan (1980) has reported that in 
Eucalyptus maculata, the fall of temperature does not impede 
the activity of cambium but appeared to improve it which 
continued upto March. Fahn (1982) has observed similar 
si tuation in the cambial activity of Eucalyptus camaldulensis 
where it remained active throughout the winter. In Tamarix 
aphylla Fahn (1959, 1982) observed cambial activity in August 
and September which continued to yield cambial products till 
next spring. On the basis of these observat ions, he interpreted 
these act ivi t ies to be related to genetical make up of the 
species rather than the environmental set-up. This has also 
been proved by Khan (1980) in her studies on Eucalyptus 
maculata. 
In the presently investigated species, the cambium 
remains active for about five months in A.scholaris and for 
about six months in E.officinalis and P.roxburghii. Similar 
prolonged duration of radial growth has been noticed by Amos 
et al. (1950) in Eucalyptus gigantea Hook, Chowdhury (1968) 
in plants growing in Burma and Ceylon, Yunus (1976) in some 
tropical p lants , Hashmi (1977) in some tropical t rees . Khan 
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(1977) in Psidium guajava, Iqbal (1979) in Acacia nilotica and 
Prosopis spicigera, Khan (1980) in Eucalyptus maculata and 
Eugenia jambolana, Siddiqui (1983) in Ficus infectoria. Khan 
(1984) in Bombax malabaricum and Ajmal (1985) in Sterbulus 
asper. However, Fahn (1962) and Fahn et al., (1981) have 
classified trees and shrubs growing in Israel according to their 
cambial activity and found cambial activity to last for a 
duration of about 4 months in Zygophyllum dumosum, Quercus 
ithaburensis and Crataegus azarolus. Similarly Pal iwal and 
Prasad (1970) and Paliwal et al., (1975) have reported short 
duration of about 3 to 4 months to be the active period of 
radial growth in Dalbergia sisso and Polyalthia longifolia 
respect ively. 
X y l e m and Phloem Product ion 
In all the three species invest igated, the xylem and 
phloem production shows considerable variat ion with time and 
durat ion. In A.scholaris and P.roxburghii, the newly produced 
derivat ives first differentiate into xylary elements n the 
months of July and June respect ively. The phloem product ion 
occurs in August and September in A.scholaris and in July, 
September and October in P.roxburghii. The xylem product ion 
precedes that of phloem in both the above mentioned species. 
A similar situation of xylem and phloem production has been 
reported earlier in a number of tropical as well as temperate 
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forms both with deciduous and evergreen habi ts . Khan (1977) 
in Psidium guajava, an evergreen member of Myrtaceae has 
found xylem production to precede that of phloem. Similarly, 
in Mimusops elengi, an evergreen member of Sapotaceae 
(Hashmi, 1977) in Delonix regia, a deciduous member of 
leguminosae (Ghouse and Hashmi, 1980b), in Callistemon 
citrinus, Eucalyptus maculata, Eugenia Jambolana, all 
evergreen trees (Khan 1980), in Ficus infectoria (Siddiqui, 
1983), in Sterblus asper (Ajmal and Iqbal 1987^) and in 
Bombax ceiba Brume (Rao et al., 1996) it was found that 
xylem formation precedes that of phloem. In a number of 
temperate forms also, the xylem production is found to 
precede phloem formation (Elliott , 1935; Artschwager, 1945; 
Fraser, 1952; Bannan ,1955). However there are studies which 
have reported that phloem formation precedes that of xylem 
such as in Vitis vanifera (Esau 1948), Pyrus communis (Evert 
1960), P.malus (Evert, 1963a), Pinus banksiana, P.resinosa 
and P.srtobus (Alfieri and Evert 1968), Populus tremuloides 
(Davis and Evert 1968). Acer negundo (Tucker and Evert 
1969), Isoetes taiwanensis (Chiang, 1976) Dalbergia sisso 
(Yunus 1976), Acacia, nilotica and Prosopis spicigera (Iqbal, 
1979), Polyathia, longifolia (Ghouse and Hashmi, 1979b), 
Haloptelea integrifolia (Rao and Dave 1984), Prosopis 
spicigera (Iqbal and Ghouse 1985^), Ficus rumphii (Ajmal and 
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Iqbal 1987£^, Rododendron arboreum (Paliwal and Paliwal 
1992), Juniperus californica (Alfieri et al., 1993) 
In E.officinalis, s imultaneous production of xylem and 
phloem has been observed in the month of May. A similar 
s imultaneous production of xylem and phloem has also been 
reported in number of cases, such as in Tilia americana by 
(Evert 1962), Deshpande (1967), in Vitis riparia by Davis and 
Evert (1970) , in Ficus religiosa by Siddiqui (1983) , in Bombax 
malabaricum by Khan (1984), in Bauhinia purpurea and 
B.variegata by Kafeel (1985) and in Pinus roxburghii by 
Khattak and Majeed (1993). 
In E. officinalis, well before the commencement of 
cambial activity, a few layers of new phloem are produced in 
February. It seems to have developed from the outer 
derivat ives of the cambium, which is produced at the 
inact ivat ion of last growth season and remained in less 
differentiated or undifferentiated form. As it is not the product 
of current year's cambial growth, it is termed as precursor 
phloem. Such type of precusor phloem formation has also been 
reported in some Indian tropical trees by Ghouse and Hashmi 
(1979a, 1980b), Khan (1980), Siddiqui (1983), Khan (1984), 
Kafeel (1986) as well as in some temperate trees like white 
pine by Abbe and crafts (1939), pecan by Artschwager (1950), 
Pyrus communis and P.malus by Evert (1960, 1963a), Robinia 
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pseudoacacia by Derr and Evert (1967) and in Populus 
tremuloides by Davis and Evert (1968). 
The present study has revealed that the quantum of xylem 
produced is substantially higher than phloem in all the three 
species invest igated. This is in concurrence with the earlier 
studies by Waisel et al., (1966), in Eucalyptus camaldulensis, 
Yunus (1976) in Dalbergia sisso, Hashmi (1977) in Delonix 
regia, Mimusops elengi and Polyathia longifolia, Iqbal (1979) 
in Acacia nilotica and Prosopis spicigera, Khan (1980) in 
Callistemon citrinus, Eucalyptus maculata and Eugenia 
jambolana, Siddiqui (1983) in Ficus infectoria and 
F.religiosa, Khan (1984) in Bombax malabaricum. However, in 
none of the species investigated at present or studied earlier, 
the ratio of xylem and phloem comes as high as 14:1 or 15:1 
as has earlier been reported by Wilson (1963) in Abies 
concolor and by Bannan (1955) in Thuja occidentalis 
respectively. According to Wilson (1964), the ratio of the 
xylem layers produced to the number of phloem layers may be 
10:1 in vigorous conifers while only 1:1 in slow growing ones. 
In the present study, the ratio of xylem produced to that of 
phloem was found to be 4:1 in A.scholaris, 2:1 in E.officinalis 
and 2:1 in P.roxburghii. But contrary to th is . Khan (1977) in 
Pisdium guajava found that phloem produced was twice the 
amount of xylem in a calendar year. 
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L o n g e v i t y of phloem 
In most of the dicotyledons, the functioning part of the 
phloem is restr icted to that of secondary phloem, which is 
produced in the last growth season. Sometimes, before the 
cambium begins to produce new phloem, all or most of the 
sieve elements produced in the previous season cease to 
function (Fahn 1982). However in some plants , e.g., Tilia, the 
sieve tubes remain active for a number of years and no 
changes have been observed to take place during the winter 
(Evert 1962). In Vitis, the phloem was observed to be active 
for two seasons, but, unlike Tilia, Vitis lays down thick layers 
of callose with the onset of winter. These layers are 
subsequently resorbed in the spring before the renewal of 
cambial activity (Esau 1948, Bernstein and Fahn 1960). In 
Fraxinus americana, the non functional sieve tubes of the 
previous year are reactivated in spring and remain functional 
during the period, when the buds develop and the young leaves 
grow (Zamaski and Zimmermann 1979). It should be 
mentioned that in plants with included phloem, e.g., 
Bougainvillea, and the woody species of Chenopodiaceae, the 
phloem strands remain active for many years (Fahn and 
Shchori, 1967). In Hevea brasiliensis^ planted on Hainan 
island (China) , the sieve elements function for one and a half 
year to two years (Wu and Hao 1986). However, in majority of 
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plants , the phloem turns nonfunctional in the same season in 
which it is produced (Huber, 1939; Esau, 1945, 1950, 1965; 
Artschwager , 1950; Evert, 1960, 1963a; Davis and Evert, 
1966, 1968, 1970; Derr and Evert, 1967; Alfieri and Evert, 
1968; Tucker, 1968; Tucker and Evert, 1969; Lawton, 1972; 
Khan, 1977; Ghouse and Hashmi, 1979a, 1980b, Khan, 1980; 
Fahn, 1982; Siddiqui, 1983; Khan, 1984) In the present 
invest igat ion also, the sieve-tube members were found to 
become nonfunctional in the same season in which they are 
produced due to accumulation of thick layers of callose which 
covers the sieve plates and lateral sieve areas. Similar 
inact ivat ion of sieve elements by callose plugging has also 
been reported by Alfieri et al., (1983), Deshpande and 
Rajendrababu, (1985), Rao et al., (1996). In A.scholaris, 
phloem formation occurs from August to September, in 
E.officinalis in May and in P.roxburghii in July, September 
and October. However, in E.officinalis Precursor phloem' 
formation occurs in the month of February out of over 
wintered mother cells. This precursor phloem amounts to about 
315|j.m and part of this i.e., 130|im remains functional for 
about 3 months and turns nonfunctional later when the current 
year 's phloem is produced in the month of May. Precursor 
phloem formation has also been reported by Khan (1980) in 
Callistemon citrinus and Eugenia jambolana, Siddiqui (1983) 
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in Ficus religiosa , Khan (1984) in Bombax malabaricum, and 
Kafeel (1986) in Bauhinia variegata. The current year 's 
phloem functions for about 9 months. In A.scholaris, the 
phloem is produced only once in a calendar year i.e., in 
August and September, but in P.roxburghii phloem production 
occurs twice in a calendar year, first in July and then in 
September and October. Similar production of phloem, twice 
in a year, has been reported by Khan (1977) in Psidium 
guajava. 
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ABSTRACT 
The present piece of work on the structure and behaviour of 
vascular cambium and its derivative t issues-the food 
conducting (secondary phloem) and the water conducting 
(secondary xylem) pathways has been undertaken in relation 
to different weather conditions of the study site and age of 
the selected trees {Alstonia scholaris, Emblica officinalis 
and Putranjiva roxburghii) for three consecutive years 
(1998, 1999 and 2000). The findings are summarized as 
follows: 
The cambial cylinder consists of fusiform initials and 
ray init ials , the latter usually present in groups of diverse 
widths and heights. The cambium is non stratified type in 
all the investigated species. The length/width of fusiform 
initials varies from 530-1290/20-52fim in A.scholaris, 225-
1200/14-46 \xm in E.officinalis and from 855-1325/16-
50 \xm in P.roxburghii. 
The cambial make-up exhibits variat ions in dimension 
under different weather conditions as well as in different 
age groups in the investigated species. In A.scholaris, the 
fusiform initials are shorter in younger shoots than in older 
ones. In E.officinalis, the length of fusiform initials 
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decrease with increasing girth of the stem axis and then 
gets stabil ized at the base. In P.roxburghii, the length of 
fusiform initials increases with increase in diameter of the 
stem axis and after reaching a maximum it decl ines. 
Changes in the size of ray init ials of the investigated 
species do not follow any part icular trend with increasing 
age of the tree. Relative abundance of the cambial rays of 
diverse width and height varies with age of the meristem, 
the percentage of broad rays being comparatively more in 
older parts of the stem in E.officinalis and in younger parts 
of the stem in A.scholaris and P.roxburghii. 
The wood is diffuse porous in all the three species 
invest igated. The pores are either solitary or in radial 
mult iples of 2 to 4 and went upto 23 in P.roxburghii. 
The average vessel length shows an increase from top 
to the base downwards in A.scholaris {AAA.15-192.15 p-m), 
E.officinalis (668.75-768.00 |j.m) as well as in P.roxburghii 
(576.75-795.00 |im). The radial diameter reveals a gradual 
increase with increasing girth until a maximum is reached 
and then constancy follows in A.scholaris and shows an 
increasing trend upto the base in E.officinalis while it 
increases from top towards base and after at taining a 
maximum again declines in P.roxburghii. The tangential 
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dimensions show no specific trend in A.scholaris. In 
E.officinalis in tiie beginning no specific trend in variat ion 
has been found in tangential diameter of the vessels , but a 
significant jump was noticeable at the base of the trunk. 
While in P.roxburghii, tangential dimension shows an 
increasing trend and attains constancy near the base. The 
length of vessels has been found to vary from 300-1270jim 
in A.scholaris, 330-1 lOOfim in E.officinalis and from 485-
1200|j,m in P.roxburghii as a result of seasonal influence. 
In case of xylem fibres, observations indicate a 
posi t ive increase in length with growing size of the trunk 
and their mean varies from 1158.75-1518.25)im in 
A.scholaris, shows an increasing trend until a maximum is 
reached and then declines at the base with an average length 
ranging from 1051.75-1461.19 i^m in E.officinalis and does 
not depict any specific trend in P.roxburghii with an 
average length ranging from 1071.75-1322.25 |j,m. 
The sieve-tube members possess slightly oblique to 
t ransverse and simple sieve plates on their end walls in 
A.scholaris, but oblique and compound sieve plates have 
been observed in E.officinalis and P.roxburghii. The 
average length of sieve-tube members varies from 341.25-
455.50|Lim in A.scholaris, 472.50-575.25)Lim in E.officinalis. 
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and from 63 1.50-709.50|_im in P.roxburghii during different 
seasons. Their average radial / tangential diameters are found 
varying from 1 7.37-28.24/13.43-21.73|am in A.scholaris, 
18.29-29.30/23.60-28.90|^m in E.officinalis and from 17.50-
25.78/22.57-29.05|am in P.roxburghii. They occupy about 
38%, 39% and 39% transectional area in A.scholaris, 
E.officinalis and P.roxburghii respect ively. 
The length of sieve-tube members increases with 
increasing girth in A.scholaris, first increases and after 
at taining maximum it declines and then again increase at 
the base in E.officinalis and increases with the increasing 
girth of the stem axis and after attaining a maximum value 
it declines at the base in P.roxburghii. 
The phloem fibres are distr ibuted throughout the 
secondary phloem in E.officinalis and P.roxburghii without 
any specific mode of arrangement. They grow in length 
1.458 times in E.officinalis and 1.184 times in P.roxburghii 
over the length of their mother ini t ials . 
The phloem rays have been found to vary in 
height form 1-34 cells in A.scholaris, 1-86 cells in 
E.officinalis and 1-45 cells in P.roxburghii while their 
width varies from 1-4, 1-8 and 1-5 cells respect ively. 
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The vascular cambium undergoes activation once 
in a year in all the three species investigated. The cells in 
the cambial zone undergo radial expansion in late June in 
A.scholaris, late April in E.officinalis and late May in 
P.roxburghii. The cells start dividing in early July in 
A.Scholaris, early May in E.officinalis and in early June in 
P.roxburghii. 
Dormancy is attained during November in A.scholaris, 
in October in E.officinalis and during November in 
P.roxburghii. Thus, the cambium remains active for about 5 
months in A.scholaris and 6 months in E.officinalis and 
P.roxburghii. 
In A.scholaris and P.roxburghii, xylem production 
precedes that of phloem while in E.officinalis, xylem and 
phloem formation is s imultaneous. The total amount of 
xylem produced is about 1727-1 800|j,m in A.scholaris, 1071-
1080 |j.m in E.officinalis and 845-900 |am in P.roxburghii 
during 1998, 1999 and 2000. 
The phloem formation occurs in August and September 
in A.scholaris, in July, September and October in 
P.roxburghii and only in May in E.officinalis. Precursor 
phloem is noticeable in E.officinalis in the month of 
February. In E.officinalis, the precursor phloem remains 
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functional for about 3 months upto May when the current 
year 's phloem is added which remains functional for about 9 
months. In A.scholaris and P.roxburghii, the longevity of 
phloem extended upto 11 and 9 months respect ively. The 
total amount of phloem produced during the years of 
invest igation was about 380-415 |im is A.scholaris, 607-
645 \xm in E.officinalis and about 355-415 |Lim in 
P.roxburghii. 
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PLATE I: Photomicrographs of cambial strips oi A.scholaris. 
A: T.L.S dormant cambium showing non-storied nature of at 
125x. 
B: T.L.S dormant cambium showing beaded radial wails of 
fusiform initials at 250x. 
C: T.L.S cambium showing disappearance of beaded structures 
and pseudo-transverse wall formation (unlabelled arrow) at 
125x. 
D: T.L.S cambium showing splitt ing of ray by intruding 
fusiform init ial , pseudo-transverse wall formation and 
convert ing of fusiform initial into ray initial by transverse 
fragmentation (unlabelled arrows) at 125x. 
E: T.L.S cambium showing terminal fusion of rays (unlabelled 
arrow) at 125x. 
F : T.L.S cambium showing terminally cut ray initial and 
laterally cut ray initial (unlabelled arrows) at 125x 
PLATE I 
PLATE II: Photomicrographs of cambial strips of E.officinalis. 
A,B: T.L.S cambium showing non storied nature and spli t t ing of 
rays by penetrat ion of fusiform initial (unlabelled arrows) 
at 125x. 
C: T.L.S cambium showing penetrat ing fusiform initial 
dividing ray into two (unlabelled arrow) and beaded radial 
walls of fusiform initials at 250x. 
D: T.L.S cambium showing beaded radial walls of fusiform 
init ials and pseudotransverse wall formation (unlabelled 
arrow) at 400x. 
E: T.L.S cambium showing laterally cut lens shaped ray initial 
(unlabelled arrow) at 400x. 
PLATE Ht 
PLATE III:Photoinicrographs of cambial strips of P.roxburghii. 
A: T.L.S cambium showing beaded radial walls of fusiform 
initials at 250x. 
B: T.L.S cambium turning active, disappearance of beads and 
pseudotransverse wall formation (unlabelled arrow) at 
125x. 
C: T.L.S cambium showing pseudotransverse wall formation 
(unlabelled arrow) at 250x. 
D: T.L.S active cambium. Fusiform initials showing transverse 
septation (unlabelled arrow) at 125x. 
E: T.L.S cambium showing splitt ing of ray by intruding 
fusiform initial (unlabelled arrow) at 125x. 
PlMTEilTl 
PLATE IVrPhotomicrographs of cambial strips of P.roxburghii. 
A: T.L.S cambium showing split t ing of ray by conversion of ray 
into fusiform initial (unlabelled arrow) and radial walls of 
fusiform initials slightly beaded at 250x. 
B: T.L.S active cambium showing lateral fusion of rays and 
terminally cut ray init ial (unlabelled arrow) at 250x. 
C: T.L.S highly active cambium showing pseudotransverse wall 
formation (unlabelled arrow) and thin radial walls at 125x. 
D-F : T.L.S cambium showing terminal and lateral fusion of rays 
(unlabel led arrow) at 250x. 
PLATF-IV 
PLATE V: Photomicrographs of wood samples of A.scholaris. 
A: T.S at 125x. 
B: T.S at 250x. 
C: T.S showing vessel cluster at 400x. 
D: T.S showing radially aligned vessels at 125x. 
PLATE -V 
PLATE VI: Photomicrographs of wood samples of A.scholaris. 
A: T.L.S showing arrangement of vessel elements rays and 
xylem sclerenchyma at 125x. 
B: T.L.S showing vessel with overcrowded bordered pits on 
lateral walls at 400x. 
C: T.L.S showing different kinds of rays at 250x. 
D: R.L.S showing heterogeneous rays with procumbent and 
upright cells at 400x. 
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PL'ATE-V^r: 
PLATE VII: Photomicrographs of wood samples of E.officinalis. 
A: T.S showing mult iser iate rays, solitary and radially aligned 
vessels , xylem axial parenchyma and xylem fibres at 250x. 
B: T.S showing vessel cluster at 400x. 
C: T.L.S showing arrangement of vessel elements and bordered 
pits on lateral walls of vessels at 400x. 
D: R.L.S showing heterogeneous rays containing tannins at 
400x. 
PLATE ^ Vi I 
PLATE VIII: Photomicrographs of wood samples of P.roxburghii. 
A: T. S at 35x. 
B: T. S 'sh6wing radial ly a l igned 'vessels at 250x. 
js^mmmms ^jm^-. MM 
PLATE-VI11 
PLATE IX: Photomicrographs of wood samples of P.roxburghii. 
A: T.L.S showing arrangement of vessel elements and 
scalariform type of perforation plates of vessels at 250x. 
B,D: R.L.S showing heterogeneous rays at 400x. 
PLATE -IX 
PLATE X: Photomicrographs of bark samples of A.scholaris. 
A: T. S outer bark showing cluster of brachysclereids , crushed 
sieve elements and enlargement of phloem parenchyma in 
the peripheral region 35x. 
B: T.L.S non conducting phloem showing crushed sieve tube 
elements (unlabelled arrows) at 125x. 
C: Same at 400x. 
D: T. S conducting and non-conducting phloem showing sieve 
plates (SP), sieve tubes (ST) and callose deposit ion on 
lateral walls of non conducting elements (unlabelled 
arrows) at 400x. 
E: T.L.S conducting phloem showing arrangement of sieve-
tube members and sieve plates with callose at 125x. 
F: T.L.S conducting phloem showing lateral view of sieve 
plates at 250x. 
PL'ATFi-X 
PLATE XI: Photomicrographs of bark samples of E.officinalis. 
A: T. S showing conducting phloem (CPH) and non conducting 
phloem (NCP) at 250x. 
B: T.L.S showing compound sieve plate (unlabelled arrow) at 
400x. 
C: T.L.S showing compound sieve plate and lateral sieve areas 
(unlabelled arrows) at 400x. 
D: T.S showing conducting phloem (CPH) and non conducting 
phloem (NCP) at 125x. 
E: T.L.S. non conducting phloem showing dilation of rays at 
400x. 
PLATE-XI 
P L A T E XII: Photomicrographs of bark samples of P. roxburghii. 
A: T.S. showing non conducting phloem (NCP) and clusters of 
fibres (Fb) at 35x. 
B: Same at 125x. 
C: T.L.S. conducting phloem showing arrangement of sieve-
tube members and^phloem rays at 125x. 
D: T.L.S. conducting phloem showing sieve-tube members with 
oblique sieve plates (unlabelled arrows) at 250x. 
Pl;ATE-XII 
P L A T E XIII: Photomicrographs of bark samples of P. roxburghii. 
A: T.S. conducting phloem (CPH) and non conducting phloem 
(NCP) at 125x. 
B: T.S. conducting and non conducting phloem showing sieve 
tubes (ST) and crushed companion cells (CCC) at 400x. 
C: T.L.S. non conducting phloem at 250x. 
D: T.L.S. non conducting phloem showing dilation of rays at 
400x. 
PLATE-Xlll 
P L A T E XIV: Photomicrographs of cambial zone and vascular 
derivatives of A. scholaris. 
A: T.S. dormant cambium (DC) at 250x. 
B: T.S. showing sieve tubes (ST) companion cell (Labelled 
arrow) and callose pads (unlabelled arrows) at 400x. 
C: T.S. showing swelling of cambial zone at 250x. 
D: Same at 400x. 
PLATE-XIV 
P L A T E XV: Photomicrographs of cambial zone of £". officinalis. 
A: T.S. showing dormant cambium (DC) at 125x. 
B: T.S. showing swelling of cambial zone at 400x. 
C: T.S. showing actively dividing cambial zone (CZ) at 250x. 
D: T.S. showing wider cambial zone at 250x. 
PLATE -XV 
P L A T E XVI: Photomicrographs of cambial zone and vascular 
derivatives of A. scholaris. 
A: T.S. active cambium showing slightly wider cambial zone 
(CZ) at 250x. 
B: T.S. showing sufficiently wide cambial zone (CZ) at 250x. 
C: T.S. showing very wide cambial zone (CZ) at 250x. 
D: T.S. showing newly formed xylem derivatives (NX) at 
250x. 
PLATE -XVI 
P L A T E XVII: Photomicrographs of cambial zone and vascular 
derivatives of E. officinalis. 
A: T.S. showing beginning of new xylem formation (NX) at 
125x. 
B: T.S. showing sufficiently wide zone of new xylem (NX) at 
250x. 
C: T.S. showing new xylem (NX) at 250x. 
D: T.S. showing new phloem (NP) at 250x. 
PLATF-XVll 
P L A T E XVIIIrPhotomicrographs of cambial zone and P. 
roxburghii. 
A,B: T.S. showing dormant cambium at 125x. 
C: T.S. showing swelling of cambial zone (CZ) at 250x. 
D: T.S. showing actively dividing cambial zone at 250x. 
PLATE-XVm 
P L A T E XIX: Photomicrographs of cambial zone and vascular 
derivatives of ^4. scholaris. 
A: T.S. showing new xylem (NX) formation at 125x. 
B,C: T.S. showing broader zone of new xylem (NX) and 
differentiat ion of new vessels (V) at 125x. 
D: T.S. showing new phloem (NP) at 125x. 
PLATKFXIX, 
P L A T E XX: Photomicrographs of cambial zone and vascular 
derivatives of P. roxburghii. 
A: T.S. showing swelling of cambial zone at 250x. 
B: T.S. showing swelling of cambial zone and callose pads 
(unlabel led arrows) at 400x. 
C: T.S. showing the beginning of xylem differentiation (NX) 
at 250x. 
D: T.S. showing new xylem (NX) at 250x. 
PLATE-XX 
P L A T E XXI: Photomicrographs of cambial zone and vascular 
derivatives of P. roxburghii, 
A: T.S. showing narrow zone of conducting phloem (unlabelled 
arrow) and wide zone of new xylem (NX) at 125x. 
B: T.S. showing new xylem (NX) conducting phloem (CPH) and 
callose pads (unlabelled arrows) at 250x. 
C: T.S. showing sufficiently broad zone of new xylem (NX) at 
250x. 
D: T.S. showing new phloem (NP) and new xylem (NX) at 125x. 
PLATF-XXI 
